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lapsed. The median time of continuous treated using a dual therapy consisting of
complete remission for the 40 patients omeprazole and amoxycillin. We describe
Cure of Helicobacter pylori was 15.4 months (468 days; range, herein an extended analysis of 50 total
Infection and Duration of 0-1198 days). Among six patients patients (i.e., the initial 33 patients and 17
Remission of Low-Grade whose lymphomas did not respond to additional patient.s) who have been fol-
Gastric Mucosa-Associated H. pylori eradication, four revealed lowed for a median time of 24 months.
I high-grade lymphomas upon surgery. We have addressed the question of wheth-
Lymphoid Tissue Lymphoma PCR indicated the presence of mono- €r the remissions induced biy. pylori
clonal B cells during follow-up in 22 of €radication are stable. In addition, we
Andreas Neubauer, Christian 31 assessable patients in complete re-have investigated whether the patients in
Thiede, Andrea Morgner, Birgit mission. Conclusions: Complete remis- Ccomplete remission after the cure of this
Alpen, Markus Ritter, Beatrix sions of low-grade gastric MALT lym- infection show a o_hsappearance of clonal
Neubauer, Thomas Vidisch, phomas after the cure of H. pylori B cells, as determined by a loss of mono-

) infection appear to be stable, although clonal amplification products (i.e., mono-
Gerhard Ehninger, Manfred most pati%?lts display evidence gof clonal bands) in a polymerase chain reac-

Stolte, Ekkehard Bayerdifer* tion (PCR) analysis.

monoclonal B cells during follow-up.
Whether these patients are truly cured ) ]
of their lymphomas remains to be de- Patients, Materials, and

Background:Low-grade B-cell lympho- . ined 13 Natl Cancer Inst 1997:89: Methods
mas arising in mucosa-associated lym- 1200 o

phoid tissue (MALT) are most fre- Patients
quently localized in the gastrointestinal
tract. More than 90% of gastric MALT The concept of mucosa-associated Fifty patients with stage El low-grade gastric

lymphomas are diagnosed in patients lymphoid tissue (MALT) was introduced maLT lymphomas were included in this prospec-
with chronic, Helicobacter pylori Dby Isaacson and Wright in 1983). Until  tive multicenter study(7). Recruitment was as fol-
associated gastritis. High remission thattime, lymphomas arising from MALT lows: whenever a gastric biopsy specimen referred
rates for these lymphomas have been were not considered special with regard® °U" central pathologist (M. Stolte) revealed the
) . . . presence of low-grade gastric MALT lymphoma, the
observed after the cure ofH. pylori to biology or clinical behavior. The re- eferring physician was informed about the study
infection. Data are lacking, however, vised European—American classificaprotocol and asked to enroll the patient in the study.
with regard to the duration of the re- tion of lymphoid neoplasmg2) desig- Staging included a clinical examination, endosonog-
missions. To address this question of nates MALT lymphomas as “marginal fﬁphy' CO”;PUtif t°m°9faphyb9f the ab‘:"mer‘_ and
remission duration, we have followed zone B-cell lymphomas,” since MALT horax and a bone marrow biopsy. Only patients
. . .. . .. with clinical and ultrasound stage El disease were
50 patients in whomH. pylori |nfect|9ns Iymphomas originate from B cells of thej,cyded(a). when the referring physician and the
were eradicated, and we determined marginal zone. MALT lymphomas are patient agreed to participate, a panel of biopsy speci-
whether the patients in complete remis- most frequently localized in the gastroin-mens was taken at a second endoscopic investiga-
sion displayed evidence of residual testinal tract, and more than 90% of all
monoclonal B cells during follow-up. gastric MALT lymphomas have been
Methods: Patients were treated with shown to be associated with chronic;
amoxycillin and omeprazole for 2 Helicobacter pyloriassociated gastritis = agiiliations of authors:A. Neubauer, C. Thiede,
weeks in an attempt to cureH. pylori (3-5). Recent epidemiologic, clinical, B. Alpen, M. Ritter, B. Neubauer, G. Ehninger,
infections. Follow-up included endo- and molecular biologic evidence has imMedizinische Kilinik I, Hanatologie/Onkologie,
scopic investigations with biopsy sam- plicatedH. pylori as an important player Universitasklinikum der Technischen Universita
ling. Monoclonal B cells in biopsy in the genesis of gastric MALT lympho- Dresden, Germany; A. Morgner, E. Bayerdorffer,
p g_' psy g 9 ymp Medizinische Kilinik, Gastroenterologie, Hepatolo-
specimens were d?temed py means ofmas. o . gie und Infektiologie, Universitaklinikum Magde-
a polymerase chain reaction (PCR)- Although clinical studies(6—8) have burg, Germany; T. Wundisch, M. Stolte, Instittit fu
based assayResults: H. pyloriinfec- reported high remission rates for low-Pathologie, Klinikum Bayreuth, Germany.
tions were cured in all 50 patients. The grade gastric MALT lymphomas after the Correspondence toAndreas Neubauer, M.D.,
dian follow-up for the 50 patients is cure ofH. pylori infection, data are lack- Medizinische Klink 1, Hamatologie/Onkologie,
me p p ) T Py ! ; Universitatsklinikum Dresden, Fetscherstrasse 74,
currently 24 months (729 .days; range, ing ywth regard to the durgnon of thesep1307 Dresden, Germany. E-mail: neubauer@
135-1411 days). Forty patients achieved remissions. We have previously reportedncocenter.de
complete remission of their lympho- (7)on 33 patients with stage El low-grade See“Notes” following “References.”

mas, but five have subsequently re- gastric MALT lymphoma who had been® Oxford University Press
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tion for histologic, microbiologic, and molecular Detection of Monoclonal B cells by
studies. Means of PCR Amplification of

Thereafter, the patients were treated with a 2: .
week course of amoxycillin (3 x 750 mg daily) and Rearranged lmmunOg|0bUI|n

omeprazole (3 x 40 mg daily). Four weeks afteri€avy-Chain Variable
completing this therapy, the first endoscopic contro(VH)-Region Genes .
investigations were performed, and these investiga- ) ) Response to Cure oH. pylori
tions were repeated monthly whenever the patients PCR was performed with consensus primers egnfection

did not show a regression of their lymphoma. AfterS€ntially as described previous{y), except that a

achieving complete remission, the patients were exdilution of 1:100 was used for the seminested step . .
amined Svery gmonths. A re-stagin% was performedstead of a dilution of 1:1000, making the technique Cure of H. pylori infection was ob-

every year. Patients not achieving a complete remid0re sensitive for monoclonal B-cell detection. Di-tained in all 50 patients; in two patients, a
sion were considered to have failed to respontifo 1Ution experiments with the B-cell line LAM re- second treatment course consisting of
pylori eradication and were referred to alternativeV€led a sensitivity of 1%-2% for this assay (datgnatronjdazole (800 mg/day), clarythro-

treatment strategies at week 22 after the completiofiet Shown)11). Since we were dealing with biopsy mycin (500 mg/day), and omeprazole (40

inati ; ihiti specimens, it was important to control for sufficient
of eradication therapy. Patients exhibiting no re mg/day) for 7 days was necessary to cure

sponse at the second post-treatment control endg@Mounts of DNA in the amplification reaction mix- ) : .
copy were also categorized as treatment failures arfires- Such control was achieved by amplification othe infection. In one patient, local relapse

were referred to alternative treatments. The clinicai® B-interferon geng(12). Only samples showing of MALT lymphoma was associated with
protocol for this study was approved by the local@MPlification of f-interferon gene sequences werergjnfection. This reinfection was treated

deaths of these two patients were considered as
“events” in this analysis.

Results

ethical commitees of the Universit&rlangen: Processed further.
Nuremberg and the Virchow-Klinikum, Humboldt-
Universitd Berlin.

To confirm clonality, monoclonal bands were with the tr'Ple th_erapy qescnbed aboye,
eluted from preparative electrophoretic gels and®nNd the patient is now in second remis-

cloned into TA-vectors (Invitrogen, Leek, The Neth-sion. Forty (80%) of the 50 patients went
erlands) for DNA sequencing. Sequence informatiofinto complete macroscopic and histologic
was obtained for at least eight clones per sample blyemission four went into partial remis-

means of dye-terminator cycle-sequencing reactions. din si h ft.
and use of an automated DNA-sequencing maching'OM» @nd In Six, no change was seen aier

following protocols provided by the manufacturerthe cure ofH. pylori infection. Table 1
Applied Biosystems, Foster City, CA). The soft- shows the demographic and response data
ware package Lasergene (DNA-Star, Madison, Wifor all 50 patients.

0¥vas used to align DNA sequences.

Pathologic Analysis

Pathologic analysis of the biopsy samples wa
performed as described previougl). The criteria
for the diagnosis of low-grade gastric MALT lym-
phomas were as follows: unequivocal evidence
lymphoepithelial destruction and replacement ofStatistical Analysis
the gastric glands by uniform centrocyte-like cells
(10). A judgment of complete histologic regression Statistical analysis was performed by use of Stat- . . .
was rendered when no remnant lymphoma cell¥iew (Abacus Concepts, Berkeley, CA) software for Median fOHOW_Up for all 50 patients Is
could be detected in the post-treatment biopsy specpersonal computers. The Kaplan—Meier method waBOW 24 months (729 days; range, 135-
mens and an “empty” tunica propria with small used to analyze survival and the duration of remis1411 days). We first analyzed how stable
basal clusters of lymphocytes and scattered plasnsaon. In the analysis of complete remission durationthe complete remissions were. Fig. 1 dis-
cells was found instead. Partial histologic regressiodata were censored whenever patients were in Cof)‘lays a Kaplan—Meier analysis of the du-
was defined by the presence of post-treatment biinuous complete remission at the last visit that in-___. . -
opsy samples exhibiting only partial depletion ofcluded a gastroscopy. Two patients died in completEatlon of Contmuous_ Complete remission
atypical lymphoid cells from the tunica propria or remission from causes unrelated to lymphoma (mycc@lculated from the first day that complete
focal lymphoepithelial destruction. cardial infarction, n= 1; arterial embolism). The remission was achieved. Among the 40 pa-

Follow-up of the 50 Patients

Table 1. Clinical, histologic, and demographic data on 50 patients with low-grade gastric MALT lymphomas who were treated to eradicate infection with
Helicobacter pylort, T

Complete remission Partial remission No change
(n = 40) (n=4) (n=6)
Previous Previous Previous
study New Total study New Total study New Total

No. (%) 24% (73) 16 (94) 40 (80) 31 (9) 1(6) 4(8) 6 (18) 0(0) 6 (12)
Female/male 11/13 719 18/22 2/1 0/1 2/2 2/4 0 2/4
Median age, y (range) 57.5(31-74) 67.5(39-77) 61 (31-77) 37 (34-84) 60 48.5(34-84) 47.5(35-78) 0 47.5 (35-78)
Tumor stage (by histology)§

El 24 16 40 3 0 3 3 0 3

=El 0 0 0 0 1 1 3 0 3
Endoscopic appearance

Tumor 14 9 23 2 0 2 2 0 2

Ulcer 7 6 13 0 1 1 2 0 2

Mucosal erosion 1 0 1 0 0 0 0 0 0

Atypical mucosa 2 1 3 1 0 1 2 0 2
Tumor size, cm (range) 2.5 (1-10) 3(1-8) 3 (1-10) 4 (2-5) 1 3(1-5) 5(2-8) 0 5(2-8)

*The 50 patients in this study include 33 patients who were described previgsiynd 17 new patients.

TMALT = mucosa-associated lymphoid tissue.

1One patient in the group previously described was reported as having a partial remission, but this patient developed a complete remission after 17 montt
follow-up.

§See (9)or information on staging system.
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remission of 500 days, with nine patients
: : : : : being followed for more than 2 years
without relapse (Fig. 1). Within the group
[ of 40 patients in complete remission, two
- have died of cardiovascular causes (53

8 7
and 68 years of age).
5 ] [ We also addressed the question of

whether the high-grade nasal lymphoma
[ was clonally related to the original MALT

4 - lymphoma of the stomach. DNA se-

[ quence analysis of the CDR3 region in
the rearranged immunoglobulin heavy-
chain genes demonstrated that the high-
[ grade lymphoma was not related to the
01 - original low-grade gastric MALT lym-

\ ' \ ' ' phoma (Fig. 2).

Complete remission (proportion)

0 300 600 900 1200 . .
; In regard to the four patients with par-
Time (days) . S . .
tial remissions, three were finally referred
Time 0 300 600 900 1198 fo_r gast_rectomles_. In all three patients,
Atrisk 40 30 13 5 1 histologic analysis revealed low-grade

lymphoma. These patients have been fol-

Fig. 1. Duration of complete remission in 40 patients with low-grade gastric MALT (mucosa- assoua%}qled for 307, 490, and 1137 days and
lymphoid tissue) lymphomas who achieved complete remission after eradicatisielicbbacter pylori NO relapse has been observed thus far. The
infection. Remission duration was calculated from the first day of complete remission. Four local relafgesth patient (84 years old) died of a
and one distant lymphoma have been observed thus far. In addition, two patients died in complete remigsfggke while in partial remission of her
and these deaths were treated as “events” in this analysis. Continuous complete remission was calcr#ﬁtﬁshoma_

by use of the Kaplan—Meier method. Censoring events are displayed as circles. The numbers of patie ts&}nong the six patients not responding

to the cure ofH. pylori infection, four

were referred for surgery (gastrectomy, n
tients who achieved complete remissionsion). All but one of the patients with a = 3; subtotal resection, r= 1). In all
four local relapses, which were of low-local relapse werédd. pylori negative at four patients, histologic analysis revealed
grade, have been observed (174, 198, 39he time of relapse. The median time ohigh-grade lymphoma in deeper mucosal
and 481 days after reaching complete rezontinuous complete remission for the 4@reas. These high-grade components had
mission). A fifth patient developed apatients was 15.4 months (468 daysnot been previously noted in gastric bi-
high-grade lymphoma in the nasal cavityange, 0-1198 days). No failures havepsy specimens. Immunohistochemical
(128 days after achieving complete remisbeen noted after a continuous completanalysis showed a high-grade B-cell lym-

risk at given time points (days) are displayed below the plot.

Fig. 2. Comparison of rearranged immuno-
globulin heavy-chain variable-region (¥ n
gene sequences obtained from the primar

. € A R G S 6 DR TTV V TP F D Y astric
gastric low-grade MALT (mucosa- UPN 245/93 TGTGCGAGA  GGGAGCGGAGATCGGACTACGGTGGTGACTCCT —TTTGATTAC g
associated lymphoid tissue) ymphomaanda . AU - lymphoma
high-grade lymphoma of the nasal cavity VHL D21-05 DIR3 JH4
(lymphoma relapse concha nasalis), whic
was found during follow-up, of a single pa- ¢ AR DLRDGGNSGN F QY lymphoma relapse
UPN 265/94 TGTGCGAGA GATCTTCGGGACGGTGGCAATTCCGGAAAC TTCCAATAC

tient. Monoclonal polymerase chain reaction
(PCR) products spanning the CDR3 region via ")‘(;j;~~"'/"~'-lvl-2- """""" i
were cloned and sequenced as outlined in the

“Patients, Materials, and Methods” section.

concha nasalis

In A), DNA sequences are compared with B
the published sequences of the germline [ FR1 CDR1 FR2Z CDR2 FR3
and J, genes. Sequence identity is indicateq  oe-10  QVOLVQSGAEVKKPGSSVKVSCKASGGTES SYAIS  WVRQAPGQGLEWMG GIIPIFGTANYAQKFQG RVITTADESTSTAYMELSSLRSEDTAVYYCAR

UPN 245/93 & N---3 g----- --T-L---a----R--D S---1 I-——-

by dashes; nucleotides that differ from the|
germline sequences are indicated by dots. A

. . HUMGHC VQLQESGPGLVKPSQTLSLTCTVSGGSIS SGSYYWS WIRQPAGKGLEWIG RIYTSGSTNYNPSLKS RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
shown, the gastric lymphoma was derived  upen 265794 ------R-—om-monm P @ G-Yoy~N ~—p-—-Bo---n ~LyGTgSL-~-——l-- M- A-pM-T-T-K--SY--- -~
from a D21-05-DIR3-J4 rearrangement,
whereas the lymphoma of the nasal cavity
showed highest homology with an XP‘1-M24 rearrangement. To study,¥ by dashes; amino acid substitutions are shown in uppercase letters; lowercase
chain gene usage, clone-specific oligonucleotides were generated on the badittefrs indicate DNA sequence changes that do not result in an amino acid
the unique CDR3 rearrangements (underlined in A) and used in PCR withreplacement. In the gastric lymphoma, gIMDP-10) rearrangement was found,
consensus primer for framework region 1 (FRA3). In B), deduced amino acid whereas the lymphoma of the nasal cavity contained @-family allele
sequences from the,¥chain gene sequences are compared with the publish@dUMIGHC). In the gastric biopsy specimens, no amplification product was
sequences of germline \V alleles. Sequence identity is indicatedgenerated with the clone specific oligonucleotide for the high-grade lymphoma.

Y
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phoma in three of the patients and a highiymphoma. Among the 40 patients ininfection is associated with complete re-
grade T-cell ymphoma in one. In three ofcomplete remission, six patients presenteghission in a high proportion of patients
the patients, surgery revealed stage Elith polyclonal bands, 32 presented withwith low-grade gastric MALT lympho-
disease. Two of the patients referred fomonoclonal bands, and two could not benas of limited stage. Overall, complete
surgery died (3 and 5.5 months after surinvestigated at all. The lack of monoclo-response rates of approximately 80%
gery), whereas the remaining two are imal bands in the six patients just menhave been reporte(6—8). However, the
continuous complete remission. One ofioned likely reflects technical problems,studies published to date have not de-
the six patients not responding to the cursince it is known that PCR detects monoscribed findings on the duration of the re-
of H. pylori infection was treated with clonality only in about 80%-90% of the missions. Our study is a follow-up inves-
five cycles of chemotherapy (CHOP regipatients with MALT lymphoma(11). tigation of a study that was published
men: 750 mg/rh cyclophosphamide, 50 Thirty-one of the 32 patients with moNo-previously (7). For the first 50 patients
mg/n¥ doxorubicin, 2 mg vincristine, and clonal bands at presentation were investianrolled in this ongoing study, the median
100 mg oral prednisone for 5 days evergated during follow-up. Twenty-two fq|iow-up time is 24 months. As reported
21 days). This patient is in continuous(71%) of the 31 patients displayed monoj, other investigations, complete remis-
complete remission 618 days after diagelonal bands continuously during follow- gjons were obtained in 80% of the pa-
nosis. The sixth patient not responding taip, although microscopic analysis did no{jgpts. Follow-up of the patients in com-
the cure ofH. pylori infection refused to reveal any evidence of remaining Iym'plete remission is in the same range as
receive any further therapy. The microphoma. The eight patients with the 10ng3,4t for the whole group of patients (23
scopic analysis on his gastric specimenast molecular follow-up among the 22months).

still revealed low-grade lymphoma at 31patients with ongoing PCR positivity One question raised in the context of
months aftgr diagnosis. Fig..3 shows thevere followed for. a.median time of 1_1 the treatment approach used is whether
overall survival for all 50 patients. months after achieving complete remisi o cure ofH. pylori infection yields a

sion (range, 6—23 months). In contrast .
nine (29%) of the 31 patients who eX_Cure of this type of MALT lymphoma.

. Our study shows that most patients who
hibited monoclonal bands at presenta- . o
achieve a complete remission do not re-

A molecular analysis could be per'tlor}lan(? Wlere fgllonedl mollecularlysve_zn-lapse within a short period of time. How-
formed successfully at diagnosis for 48 ofually displayed polyclonal states during, - i o ow-grade lymphomas have a

Molecular Studies of Immunoglobulin
Vy Gene Rearrangements

i ;follow-up. ; . .
the 50 patients. Monoclonal bands (evi- P slow proliferation rate, a follow-up time
dence of clonal B ceIIs) were detected in ) of 2 years is too short to draw any con-
38 (79%) of the 48 patients. Discussion

clusions as to whether the patients treated
with this strategy may indeed be cured of
Ctheir low-grade lymphomas. A longer fol-
low-up period is needed to answer this
question.
Thus far, four local relapses and one
L L . L 1 . distant event have been observed. In the
‘ case of the distant lymphoma, a high-
grade MALT lymphoma of the nasal cav-
€ i ity was detected, which, by DNA se-
| guence analysis, was not related to the
67 i original gastric low-grade MALT lym-
[ phoma clone. In the four cases with local
47 B relapses, three of the patients wétepy-
lori negative at relapse. Thus, relapses
2 - may occur without evidence of reinfec-
tion. It has been reporte@3) that low-
0 - grade gastric MALT lymphomas can be
' ' y ' ' ' observed inH. pylori-negative patients.
Epidemiologic studies, however, show
that low-grade gastric MALT lymphomas
have a higher incidence iH. pylori-
;itm? 0 300 600 900 1200 1411 positive patients, and evidence exists that
risk 0 44 30 13 1 1 more than 90% of all low-grade gastric

MALT lymphomas are observed in a
Fig. 3. Cumulative survival analysis for 50 patients with low-grade gastric MALT (mucosa-associ ckground oH. pylori-induced gastritis
lymphoid tissue) lymphomas who were subjected to a dual antibiotic eradication therapy for infection n%hJA 15) H t.h lain th
Helicobacter pylori.A Kaplan—Meier analysis was performed for all 50 patients in the study. Censorifig'~ ™* ) ow er? _Can one explain the
events are indicated by circl&3eethe text and Table 1 for a detailed description of the patients. The numb&igding thatH. pylori is probably not nec-
of patients at risk at given time points (days) are displayed below the plot. essary for these lymphomas to relapse?

We wanted to know whether PCR
could be used as an assay for “molecular Several clinical studies and case r
remission” in low-grade gastric MALT ports have shown that cure &f. pylori

Cumulative survival

0 300 600 900 1200 1500
Time (days)
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At the beginning of an early gastricmay be detected in the stomach in theepresent clonal cells belonging to the
MALT B-cell lymphoma, the tumor cells absence of any pathohistologic signs ofmalignant” clone or whether they may
are still dependent on T-cell helper sigMALT lymphoma. In conclusion, gastric be so-called “memory” B cells. We are
nals, whereas, later in the process o¥IALT lymphomas may be seen as ancurrently investigating this question by
clonal evolution, T-cell help may not be other model system for tumor evolution inmeans of more detailed molecular studies.
necessary. Since T cells are needed faddition to colon cancer or chronic my-Since the “gold” standard in the manage-
early low-grade gastric B-cell lymphomaelogenous leukemig20-22). ment of these lymphomas is still histol-
clones to proliferat€16,17), clonal evo- One observation, which has also beeggy, we do not know what a monoclonal
lution may eventually enable B-cellmade by others, is that the remission opCR result really means. Do the patients
clones to proliferate withoutl. pylori in- low-grade gastric MALT lymphomas with monoclonal PCR bands harbor a
fection being present. The relapses magay take some time after the cureldf higher probability of having a relapse of
thus indicate that the patients had B-celpylori infection, unlike the situation with their disease? Three of the four patients
lymphomas that had evolved from B-cellchemotherapy or radiotherapy. This findwith a local relapse, who were monoclo-
clones that were already further prodng is consistent with the idea that thesgal at diagnosis, were monoclonal before
gressed when the cure bff pylori infec-  B-cell lymphomas must get a “death” the relapse was detected. At present, how-
tion had been performed. Host factorsignal that is probably mediated by otheever, PCR cannot replace histology, since
may also play a crucial role in the pro-cells, e.g., specific T cells responding tdn other studies(18,19) no lymphomas
gression of individual B-cell clones. Thisbacterial antigens/superantige(i,17). have been detected, even though PCR in-
possibility is suggested by data from sein our study, several patients achieve@icated the presence of monoclonal cells.
quencing experiments indicating that, incomplete remission after a period of 6 |n summary, this study shows that
more than 80% of all gastric MALT lym- months. However, the median time tdong-lasting remissions can be observed
phomas, Y, alleles known from autoim- reach a complete remission from the stawfter the cure of. pylori infection in pa-
mune states were used by the lymphomaf therapy was 5.5 months. It is importantients with low-grade gastric MALT lym-
cells (Thiede C, Alpen B, Bayerdifer E, to note that even the patients whghomas of limited stage. Whether the cure
Schmidt M, Morgner A, Ritter M, et al.: achieved a complete remission very latgf disease is achieved through use of this
unpublished results}. pylori may thus showed some signs of regression, eithgfovel approach in the treatment of gastric
drive an autoimmune process in a resporendoscopically or histologically, beforeMALT lymphomas, however, is still open
sive host that finally results in the evolu-complete remission was obtained. Patp question, since longer follow-up inves-
tion of a low-grade MALT lymphoma. At tients not showing any signs of regressiofigations are needed. Thus, infection with
an early stage, the lymphoma may neethay, as indicated by the four patients rey. pylori plays an important role in the
T-cell signals to survive; however, onceferred for surgery, harbor high-grade lymgenesis of this disease, although it may
genetic damage has progressed to a cgsghomas. How should patients with low-not be the only causal factor.
tain stage, eradication &f. pylori may be grade gastric MALT lymphomas be
Wlthout'a c!lnlcal effect. . ' treated? Ong apprqach would be first t‘heferences

Eradication of the T-cell stimulus, i.e., cure the patients with stage El low-grade
H. pylori, could therefore be seen as aastric MALT lymphomas ofH. pylori _ ,

o [ ; . . (1) Isaacson PG, Wright DH. Malignant lym-
switch” to |_nd|cate how far the B-_cell infection and then to examine them BVerY " i oma of mucosa-associated lymphoid tissue.
clonal evolution has progressed. This pos4 weeks. In the event that no response is  a distinctive type of B-cell ymphoma. Cancer
sibility is further underscored by otherseen after two or three consecutive exami-  1983;52:1410-6.

data obtained from our study: In the panations, either radiotherapy or surgery(2) Harris NL, Jaffe ES, Stein H, Banks PM, Chan
tients in whom no response was seen aftavould be indicated. Whenever there is K Cleary ML, et al. A revised European-
the cure of theH. pylori infection, four evidence for transformation into high- American classification of lymphoid neo-

. ! plasms: a proposal from the International Lym-
patients were referred for surgery. In algrade lymphomas, chemotherapy (€.9., phoma Study Group. Blood 1994;84:1361-92.
four patients, a high-grade lymphoma washe CHOP regimen) may be given. Since(3) Stolte M, Eidt S. Lymphoid follicles in the an-
detected in deeper mucosal areas. Theradication treatment dfi. pylori infec- tral mucosa: immune response@ampylobac-
high-grade lymphoma had not been pretion should still be considered as investi- _t€f pylori?J Clin Pathol 1989,42:1269-71.

. . . . . . . (4) Stolte M.Helicobacter pylorigastritis and gas-
V|ous_ly detect.ed in the .gastnc biopsygational, this kind _of therapy shogld not 7 .o MALT-lymphoma [ietter]. Lancet 1992:
specimens. This observation also supportse performed outside of clinical trials. 339:745-6.
the idea that a clonal evolution may take In addition to clinical and histologic (5) Eidt S, Stolte M, Fischer Relicobacter py-
place; in the beginning, the low-grade B-follow-up, we also performed molecular  lori gastritis and primary gastric non-Hodg-
cell clone is still dependent on T-cell helpstudies of the rearranged,Mjene se- g‘éig’ymphomas' J Clin Pathol 1994;47:
(and thus susceptible to eradlcatlorquer?ces by means of P?R. These INVeS5) \wotherspoon AC, Doglioni C, Diss TC, Pan L,
therapy); then, a low-grade B-cell clonetigations showed that, using this sensitive ~ \oschini A, de Boni M, et al. Regression of
evolves that may not depend on T-celbpproach for monoclonal B-cell detection,  primary low-grade B-cell gastric lymphoma of
help; and, finally, a high-grade B-cell most patients remained monoclonal after ~mucosa-associated lymphoid tissue type after
clone can be found. In keeping with thisthe cure ofH. pylori infection and com- eradication ofHelicobacter pylori. Lancet

X - ) 1993;342:575-7.
scenario, we and 9the(&8,19)h_ave re- plete remission of the I_ymphoma. Itis un- (7) Bayerdorffer E. Neubauer A, Rudolph B,
cently found that, in some patients withclear at the present time whether the B thiede C, Lehn N, Eidt S, et al. Regression of
H. pylori infection, monoclonal B cells cells giving rise to the monoclonal bands  primary gastric lymphoma of mucosa-associ-
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ated lymphoid tissue type after curetdélico- (15) Stolte M, Eidt S.H. pylori and gastric MALT (20) Fearon ER, Vogelstein B. A genetic model for

bacter pylori infection. Lancet 1995;345: lymphoma. In: Graham DY, Genta RM, Dixon colorectal tumorigenesis. Cell 1990;61:
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Ductal carcinoman situ (DCIS) of the symptoms, including, among others, nipple dis-

breast is being diagnosed with increasingharge. cosmetic surgery, Paget's disease of the
nipple, nipple retraction, and pigmentation. The pa-

Relatlonshlp Between the Size  frequency in recent years, primarily be_tients ranged in age from 18 to 87 years (median,

and Margin Status of Ductal cause of early detection efforts and theg years). The ratio of blacks to whites was 1:3.7.
; : use of screening mammography. It hagatient follow-up ranged from 3 months to 171
Carcinoma In Situ of the Breast been estimated that 23 000 new cases gfonths (median, 45 months). All patients initially

and Residual Disease DCIS are diagnosed annually in theunderwent lumpectomy. Ninety patients (39%)
United Stateg¢1), accounting for approxi-

subsequently underwent mastectomy, and 142 pa-
Liang Cheng, Nadia K. Al-Kaisi, : . tients (61%) were treated with breast-conserving
Nahi%a H Ggordon Alison Y. Liu mately one third of all mammographically syrgery (umpectomy with or without re-excision).
) T 1 . ' detected breast canc€Bs-4).Breast pres- Among the 142 patients who were treated with
Fadi Gebrall, Robert R. Shenk* ervation has become an increasinglyreast-conserving surgery, 58 (41%) had re-
g
popular treatment option for many pa_excision, 16 (11%) received radiation therapy fol-

. . - lowing the initial lumpectomy, and the remaining 68
tients with breast Cance(ﬂ')’ deSplte the 48%) did not receive any other treatment (lumpec-

increased risk of local failure compare omy only).

with mastectomy(5-8). This situation  Histologic evaluation. To process the tissue, we

) emphasizes the importance of identifyingainted the entire external surface of the specimen
conserving surgery, the_ usefulnes_s of a subset of breast cancer patients who aféh India ink and then serially sectioned the tissue
size and surgical margin status (i.e., at high risk for disease recurrence fOIIOnggerpendlcular to the long axis of the specimen at

presence or absence of disease at the . . -mm intervals. The sections were fixed in 10% for-
. - . conservative therapy, as ablative surgery rgsqi i i
point of excision) as prognostic factors py g€ry I@alin, embedded in paraffin, cut at @m, and

for predicting residual disease has not mains an appropriate therapy for certain pastained with hematoxylin—eosin. The specimens
beeFr)1 well eg,tablishe d. This studv was tients at high risk for local failure. ranged from 1.3 to 18 cm in largest dimension (me-

" y Residual disease is an important factofian size. 6.0 cm). Of the 232 specimens, 167 (72%)
conducted to determine more clearly

. . were embedded entirely for histologic examination.
the relationship between size and mar- in local failure of treatment/recurrence OfA diagram designating the sections submitted for

. disease following conservative therapisiologi inati ilabl bi

in status of mammary DCIS to re- o istologic examination was available for 86 biopsy
gid | di Method Xl'h thol for DCIS of the breas(8,9). The ability to  specimens. The mean number of slides reviewed
sldual diseaseviethods. 1he pathology predict patients who are at high risk forfrom each biopsy was 14 (range, 2-55; median, 13).
re_CC'rdS of 232 consecutive patients residual disease/recurrence helps to detekhe margin status was evaluated microscopically. A
with mammary DCIS who had been mine treatment options. The role of bi_positive margin was defined as tumor extending to
initially treated with lumpectomy at the . d ) X or transected by the inked margin (Fig. 1, A); a close
University Hospitals of Cleveland were Opsy margin S.tatus an tumor size as Pr&nargin was defined as tumor less than or equal to 1

¢ tivel . d. The si £ th dictors of residual disease/recurrence imm from the inked margins, but not transected by
retrospectively reviewed. The size ot In€ 4., -<ive breast carcinoma is well estabthe inked margin (Fig. 1, B); a negative margin was
DCIS and the surgical margins of |L{mp' lished (9-15). However, the relevance of defined as tumor greater than 1 mm from the inked
ectomy were analyzed. Residual disease i margins. The margin was considered indeterminate

was defined as the persistence of DCIS in the size of mammary DCIS and the mar,

X X . when the biopsy specimen was not inked or the tis-
the re-excision and/or mastectomy speci- gin status of lumpectomy specimens iSye was fragmented. The size of DCIS was deter-
mens. Results: Residual disease was

uncertain(16). mined by microscopic measurement of the largest
. . . In this study, we report the relationshiptwo dimensions from the glass slide, combined with

found in 15 of 101 patients with DCIS of y b P

less than 1.0 cm in longest dimension, in

between the size of DCIS and the margif{i2grammatic mapping of the lumpectomy speci-
27 of 96 patients with DCIS of 1.0-2.4 cm

status of Iumpectomy specimens and ren_ﬁen. The third dimension of DCIS, in cases where a
in size, and in 24 of 35 patients with
DCIS of greater than or equal to 2.5 cm

Background: For women with ductal
carcinoma in situ (DCIS) of the breast
who have been treated with breast-

. . . . . diagram was not available, was calculated by mul-
sidual disease in subsequent re-exCISIOfplying the number of sections containing DCIS by

or mastectomy specimens from 232 pathe thickness of the section, which was estimated to
tients. be 0.3 cm. For those specimens for which the dia-

in size (P<.001). Residual disease was grams were available, the third dimension of tumor
found in 30 of 77 patients with DCIS and Patient d Method size was determined by studying the distribution of
positive margins, in 11 of 59 patients with atients an ethoas DCIS in the biopsy specimen by use of the diagram-

matic mapping. This technique of size measurement

i ; ; Patients. Two hundred thirty-two consecutive pa- has been used by several staff pathologists in our
in 10 of 73 patients with DCIS and nega- . . .
P 98" ients who had been diagnosed with mammary DCIgepartment since 1987 and yields reproducible re-

t!Ve marglns (>1 mm) (P =.001). In mul- at University Hospitals of Cleveland and Case West-
tivariate analysis, the occurrence of re- ern Reserve University during the period from Janu-
sidual disease was associated with large ary 1980 through December 1993 were studied. The “Affiliati ¢ authors: L. Ch N K. Al
tumor size (i.e., =25 cm) (OddS ratio criteria for inclusion in the study were as follows: 1) =~ ™ fiations ot authors: L. eng, N. K.

— . : ; The patient had a mammary DCIS on an excisionalfa's" F. Gebrail (Institute of Pathology), R. R.
[OR] =7.7; 95% confidence interval [CI] ; o Shenk (Department of Surgery), N.H. Gordon
- . . _ biopsy/lumpectomy, 2) the histologic slides were ) 3 I ; ’
= 3.13-20.00; two-sided® = .0001) and available for review, and 3) follow-up information A Y Liu (Department of Epldemlolqu arnd B'OSta',
with positive margin status (OR = 2.2; was available. Clinical information and follow-up UStcs). Case Western Reserve University and Uni-

95% CIl = 1.02—4.55; two-sidedP = .04). data were obtained from medical records and th¥ersity Hospitals of Cleveland, Cleveland, OH

DCIS and close margins £1 mm), and

Conclusions:The size and margin status tumor registry of the Ireland Cancer Center of _Correspondence thladia K. Al-Kaisi, M.D., In—‘
: the Universit p stitute of Pathology, Case Western Reserve Univer-
; y Hospitals of Cleveland. Of the 232~ ) : ]
of DCIS each were found to be indepen- : : sity and University Hospitals of Cleveland, 2085
d di " idual di J patients, 166 (72%) presented with a mammo= delb 4. Cleveland. O 06
ent predictors of residual disease. [J gaphic abnormality detected on routine mammo?de e'r\tl R Ve ”evg an“é fH 44106.
Natl Cancer Inst 1997;89:1356-60] grams, 51 (22%) presented with a palpable mass, S€€ NOte” following “References.
and the remaining 15 (6%) presented with othe© Oxford University Press
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Fig. 1. Histologic evaluation of margin
status of breast biopsy specimens of duc-
tal carcinoman situ. A) Positive margin,
ink on tumor cellsB) Close margin, tu-
mor <1 mm from inked margin.

sults with interobserver variability of less than 10%.the largest dimension of DCIS was 1.4 cnslightly higher but not a statistically sig-
The largest dimension of DCIS was used in the finajrange 0.3—5.4 cm). Residual disease watsficant increase in risk of residual dis-
fenn"ﬂ’és('j'Ei:elss'dilﬁ'hg'srgffcz’:;snd:rf'dr}i?r?]z;?:cf:rfﬁund in 15 (15%) of 101 DCIS lesions ease (19% versus 14% for negative mar-
specimens. that were less than 1.0 cm in longest digins, P>.3). Residual disease increased in
Statistical analysis.The relationship between re- mension, 27 (28%) of 96 lesions that wergrequency with increasing tumor size
sngaI disease (& absent; :F=_present) and §evera| 1.0-2.4 cm in size, and 24 (69%) of 35(Fig. 2, A). In addition, tumor size corre-
cricpatdoichrecteresves @i Tesions thl were greater than or equal ited signifcantly with margin status
tion gf residual disease with tumor characteristicsz5 ¢m in size IP<'_0_01)_(Table 1). The (Fig. 2, B). Seventy-seven percent of pa-
The odds ratio (OR) and its 95% confidence interva@rgins were positive in 77 (37%) pa-tients with DCIS of greater than or equal
(CI) for the relationship of residual disease to thetients, close in 59 (28%) patients, andp 2.5 c¢m in size had positive margins at
clinical presentation (G- palpable mass; + mam-  negative in 73 (35%) patients. The marginnitial biopsy versus 30% of patients with

mograPhi‘zc;jfte:g%”)’ raiesz‘g’hite; 1 =db'a°k)z status in the remaining 23 patients (all dipCis of less than 2.5 cnPk.001)
age, size (0] .0 Cm; .0 CmM), and margin . . . i i : _' . . .
status (0= negative or close margins; positive agnosed prior to 1985) was indeterminate |n the multivariate analysis, the finding

margins) were also utilized. Significance levels forOf unknown. Residual disease was founds residual disease was significantly asso-
ORs were evaluated by use of the Waldehi- in 15 (65%) of 23 of these patients.qjzted with large size of DCISH( =
squared statistic. An OR with a 95% Cl that does noAmong patients with known margin sta- 0001) and positive margind®(= .04)
include 1 denotes a statistically significant relauonmsl residual disease was found in 3%atients with DCIS of greater than or

ship. Multivariate analysis of the relationship of re- 0 . . i
sidual disease and other clinicopathologic featureg39 %) of 77 patients who had DCIS W'thequal to 2.5 cm in size had an OR of 7.7

was performed by use of logistic regression. positive margins, 11 (19%) of 59 patient3(95% Cl = 3.13-20.00) for residual dis-

who had DCIS with close margins, and 10ease compared with patients with DCIS of

Results (14%) of 73 patients who had DCIS Withless than 2.5 cm. If we control for the size

. . . negatlve rr_1arg'|ns.(TabIe 1)'. The INcreasg DCIS, patients with positive margins in
Residual disease was present in a totah the patient’s risk of residual d'seaselumpectomy specimens had an OR for

of 66 (28%) of 232 cases. Residual DCISwhen the margins were positive for DCIS . . :
. . : S S risk of residual disease of 2.2 (95% &
was observed at the previous excision siteas statistically significant (overalp = . .
. L . . .1.02-4.55) compared with those with
in the majority of patients for whom these.001). The presence of close margins in . . . .
data were available. The mean length dbiopsy specimens was associated with gegatlve or close margins. F'g' 3 |IIu_s-
trates that 29 (46%) of 63 patients with
DCIS of greater than or equal to 1.0 cm

Table 1. Association of histologic size and margin status of mammary ductal carciitosiau with with positive margins had residual disease

residual disease compared with eight (23%) of 35 patients

Residual disease with I?CIS of greate.r than or.equal to 1.0

No. of cm with close margins and five (26%) of

patients Present Absent P* 19 patients with DCIS of greater than or

Tumor size, cm equal to 1.0 cm with negative margins.
<1.0 101 15 (15%) 86 (85%) Among patients with small DCIS (<1.0

1.0-2.4 96 27 (28%) 69 (72%) dual di tound in t

=25 35 24 (69%) 11 (31%) <001 €M), residual disease was found in two
Margin statust (14%) of 14 patients with positive mar-
Negative 73 10 (14%) 63 (86%) gins, in two (8%) of 24 patients with close

Close 59 11 (19%) 48 (81%) margins, and in three (5%) of 54 patients

iti 0, 0, . . .
Positive " 30 (39%) 47 (61%) 001 \yith negative margins. Age, race (black

*Two-sided P value was obtained by chi-squared test. Versus Wh'te)’ and clinical presentations

+A positive margin was defined as tumor extending to the inked margins; a close margin istamon ~ (Palpable mass versus mass detected
from the inked margins; a negative margin is tumor >1 mm from the inked margins. mammographically) were not signifi-
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100 100

Fig. 2. Association of size of
mammary ductal carcinoma
in situ with residual disease
(A) and margin statu@). Pa-
tients with indeterminate mar-
gins are not included iB. (n

= number of cases).

Residual Disease (%)
Positive Margin (%)

o N
<05 205 210 215 220 225 23.0 <05 205 210 215 =220 225 23.0
Tumor Size (cm) Tumor Size (cm)

cantly associated with residual disease iDiscussion Three-dimensional imaging of DCIS
the multivariate analysis. provides an accurate evaluation of the ex-
Local recurrence of disease was seen DCIS of the breast is a heterogeneougent of DCIS in the mammary duc(22).

in 10 (7%) of 142 patients during a meargroup of lesions with a wide spectrum ofThis technique, however, is difficult to
follow-up period of 49 months. All of clinical and pathologic manifestationsapply to routinely processed surgical
these 142 patients were initially treated2,17-21). The optimal treatment for specimens. Since most DCIS lesions can-
conservatively with lumpectomy with or DCIS is still controversial. The ultimate not be identified grossly with certainty,
without re-excision. The mean intervaloutcome of breast perservation in theyssessment of the extent of DCIS in rou-
from lumpectomy to recurrence was 7#reatment of DCIS is largely unknown.tinely processed breast biopsy specimens
months (range, 29-165 months; mediarMultiple factors have to be considereds feasible utilizing the diagrammatic
67 months). Four of these patients hagvhen one is deciding upon the optimamapping of biopsy specimens. Our find-
positive margins in the lumpectomytreatment for a particular patient withings indicate that measurement of the
specimen, and three had close marginsnammary DCIS. It is evident that a subDCIS size from the histologic slides in
The tumors ranged in size from 0.4 to 4.@roup of patients is at higher risk of |Oca|conjunction with margin status evaluation
cm (mean, 2.0 cm). Half of these recurfailure after breast-conserving surgeryprovides an accurate assessment of risk of
rences were invasive carcinomas. None dfactors contributing to local failure areresidual disease. Lesions smaller than 1.0
the patients who had mastectomy followimportant considerations in selecting them in the longest dimension, accounting
ing lumpectomy developed local recur-appropriate therapeutic approach fofor 449% (101 of 232) of the patients with
rence. Six patients died during the periodnammary DCIS. Additional therapy suchmammary DCIS in this study, had no re-
of the study (four from lung cancer, oneas postoperative radiation treatment ogidual DCIS following lumpectomy when
from congestive heart failure, and onemastectomy may benefit patients who arghe margins were free of DCIS. Patients
from contralateral breast cancer). at high risk for local failure. with DCIS lesions that were greater than

or equal to 2.5 cm in longest dimension
had the highest risk of residual disease
regardless of margin status. Patients with

100 DCIS size between 1.0 and 2.4 cm in larg-
negative margin est dimension h{:\d 28% r@sk of. residqal
disease. The ability to predict residual dis-

75 - close margin ease is greatly improved by assessing the

margin status in these patients. Thirty
(39%) of 77 patients with positive mar-
gins had local failure versus 11 (19%) of
59 patients with close margins and 10
(14%) of 73 patients with negative mar-
gins. After we controlled for the tumor
size, patients with positive margins had
approximately twice the risk of residual
disease than patients with negative or
close margins. The risk of residual disease
was higher in patients with positive mar-
gins than in patients with close margins
(39% versus 19%), whereas there was
Tumor Size (cm) only a marginal increase in risk of re-
sidual disease in patients with close mar-

. . . iti i
Fig. 3. Relationship be- B positive margin

tween margin status of
breast biopsy specimens of
ductal carcinomain situ
(DCIS) and residual disease
in subsequent re-excision/
mastectomy specimens af-
ter controlling for the size
of DCIS.

50

Residual Disease (%)

257

b

210 215 220

>0.2 225 23.0
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gins compared with those with negativelhis hypothesis is supported by our find-  low-up after treatment by biopsy alone. JAMA
margins. The risk of residual disease inngs and the findings of Silverstein et al.  1978;239:1863-7. ¢ ductal carc
patients with close margins was only(23) who reported residual DCIS in the (%) L2gios MD. Heterogeneity of ductal carcinoma
lightlv hiah h hat i . ithi di L f th . bi in situ (DCIS): relationship of grade and sub-
slightly higher than that in patients withimmediate vicinity of the previous bi- type analysis to local recurrence and risk of
negative margins (19% versus 14%ppsy/excision site in the majority of cases.  invasive transformation. Cancer Lett 1995:90:
P>.3). In addition, there was a significantClearly, as Silverstein et a125) elegantly 97-102.
(P<.0001) association between the exterdemonstrated, histopathologic feature§l0) Smitt MC, Nowels KW, Zdeblick MJ, Jeffrey
of DCIS and positive margin status. Atsuch as nuclear grade and presence of S Ca"SO”fR‘Q’v IStOC"da'e FE, et _"’"-IThe im-
initial biopsy, 77% of large tumors{2.5 comedo-type necrosis are important prog- portance of the lumpectomy surgical margin
.. . . . . status in long-term results of breast conserva-
cm) had positive surgical margins. Be-nostic factors that can influence the rate ., cancer 1995:76:259-67.
cause of the small number of patients whof recurrence of DCIS25). Some evi- (11) Schnitt SJ, Abner A, Gelman R, Connolly JL,
received radiation therapy followingdence exists that these histopathologic Recht A, Duda RB, et al. The relationship be-
lumpectomy, the role of adjuvant radia-features are not independent prognostic tween microscopic margins of resection and
tion therapy as a treatment modality canfactors but rather that they define subsets Lhe ”fk of '°°"’1' ref‘grer_‘fhe l;” pat“ems with
not be assessed in this study. of DCIS having different histopathologic, reast cancer frealet With breast-conserving
. . .. . . surgery and radiation therapy. Cancer 1994;74:
Our findings support the important roleclinical, molecular, and biologic features ;746 51
of margin status assessment in local dig9,25). Further studies are necessary t@i2) spivack B, Khanna MM, Tafra L, Juillard G,
ease control in patients treated conservaiearly characterize these subsets of Giuliano AE. Margin status and local recur-
tively. Negative margins, however, will DCIS. rence after breast-conserving surgery. Arch
not guarantee complete excision of the In summary, the size and the margin_ __ Sur9 1994;129:952-7. _
. - (13) Anscher MS, Jones P, Prosnitz LR, Blackstock
DCIS, and local recurrence can still ocstatus of mammary DCIS are each inde* W. Hebert M. Reddick R. et al. Local failure
cur. A high percentage of patients had Iopend_erjt, statistica_llly significant factors  ang margin status in early-stage breast carci-
cal recurrence of disease because of r@redicting local failure. Small DCIS tu- noma treated with conservation surgery and ra-
sidual disease even when the margins ahors (<1.0 cm) with negative margins  diation therapy. Ann Surg 1993;218:22-8.
lumpectomy were cleaf16,23-25).Ad- carry a low risk of local failure and can be(14) Schmidt-Ulirich R, Wazer DE, Tercilla O, Sa-
ditional risk factors, such as tumor sizefreated conservatively with lumpectomy. ~ fi H, Marchant DJ, Smith TJ, et al. Tumor
hould be considered in the assessment béarge DCIS tumors*2.5 cm) pose a par- margin assessment as a guide to optimal con-
S_ . . . : 9 ] A -~ p p servation surgery and irradiation in early stage
risk of residual disease in patients treateticular risk of residual disease regardless preast carcinoma. Int Radiat Oncol Bio Phys

with breast-conserving surgery. Our dataf margin status, and additional adjuvant  1989;17:733-8.

indicate that both margin status and sizéherapy may be necessary. (15) Frazier TG, Wong RW, Rose D. Implications
of DCIS are important considerations in of accurate pathologic margins in the treatment
References of primary breast cancer. Arch Surg 1989;124:

stratification of patients for different 37-8.

therapeutic options. The combination of (1) Ermster VL, Barclay J, Kerlikowske K, Grady (16) Cataliotti L, Distante V, Ciatto S, Bianchi S,
DCIS size and surgical margin status D, Henderson C. Incidence of and treatment for Pacini P, Simoncini R, et al. Intraductal breast

identified a subgroup of patients with in- ductal carcinoman situ of the breast. JAMA cancer: review of 183 consecutive cases. Eur J
creased risk of local failure. More aggres- _ 1996:275:913-8. , _ Cancer 1992;28A.917-20. o

. . h (2) Frykberg ER, Bland KI. Overview of the biol- (17) Page DL, Jensen RA. Ductal carcinoimasitu
SNFT‘ treatment may be appropr!ate in such ogy and management of ductal carcinoma of the breast: understanding the misunderstood
patients. At present, there is general sy of the breast. Cancer 1994:74(1 Suppl):  stepchild [editorial]. JAMA 1996;275:948-9.
agreement on what constitutes a clear 350-61. (18) Schnitt SJ, Silen W, Sadowsky NL, Connolly
margin for invasive breast carcinomas (3) Morrow M, Schmidt R, Cregger B, Hassett C, JL, Harris JR. Ductal carcinomia situ (intra-
(11). It is not clear, however, what con- Cox S. Preoperative evaluation of abnormal ductal carcinoma) of the breast. N Engl J Med

titut | ical in for DCIS mammographic findings to avoid unnecessary 1988;318:898-903.
stitutes a ¢ ea_r su.rglca margin for ’ breast biopsy. Arch Surg 1994;129:1091-6. (19) Morrow M. The natural history of ductal car-
Our study arbitrarily uses 1 mm as a clear ) meyer JE, Eberlein TI, Stomper PC, Sonnen-  cinomain situ. Implications for clinical decision

margin for DCIS. Faverly et a(22) have feld MR. Biopsy of occult breast lesions. making [editorial]. Cancer 1995;76:1113-5.
demonstrated skip lesions (i.e., areas of Analysis of 1261 abnormalities. JAMA 1990; (20) Page DL, Dupont WD, Rogers LW, Jensen
DCIS with intervening normal breast ep- 263:2341-3. RA, Schuyler PA. Continued local recurrence
. e . (5) Simpson T, Thirlby RC, Dail DH. Surgical of carcinoma 15-25 years after a diagnosis of
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Background: Diabetes has been associ-

ated with an increased risk of several
cancers, notably cancers of the pan-
creas, liver, endometrium, and kidney.
Since most previous studies have in-
volved a limited sample size or focused

ney. The elevated risks of endometrial
and kidney cancers, however, may be
confounded by obesity. [J Natl Cancer
Inst 1997;89:1360-5]

Diabetes mellitus is a metabolic dis-
ease of two major subtypes that is char-
acterized by abnormalities in the synthe-
sis and cellular uptake of insulin, a critical
hormonal regulator of glucose metabo-
lism. In insulin-dependent diabetes melli-
tus (IDDM), insulin synthesis ceases as a
result of the autoimmune destruction of
insulin-producing pancreatic islet cells,
which is thought to be triggered by an
environmental factor (i.e., viral infection)
primarily in individuals who are positive
for the histocompatibility antigens HLA-
DR3 and/or HLA-DR4(1). In noninsulin
dependent diabetes mellitus (NIDDM),
pancreatic islet cells continue to secrete

on specific cancer sites, we conducted insulin, but target tissues (e.g., muscle
a comprehensive assessment of the risk@nd liver) are resistant to its uptake and

of cancer in a nationwide cohort of
diabetics in Denmark. Methods: Dis-
charge records of 109581 individuals
hospitalized with a diagnosis of diabe-
tes from 1977 through 1989 were linked
with national cancer registry records
through 1993. Standardized incidence
ratios (SIRs) were calculated for spe-
cific cancer sites.Results:The SIRs for
primary liver cancer were 4.0 (95%
confidence interval [CI] = 3.5-4.6) in
males and 2.1 (95% CI = 1.6-2.7) in

use because of a decrease in the number
of insulin receptors, alterations in
postreceptor function, or the presence of
blocking antibodies.

Elevated risks have been reported in
diabetics for several cancers, notably can-
cers of the pancred®,3), liver (4-8),en-
dometrium(5,8), and kidney(5,9). Most
previous studies of cancer risk in diabet-
ics have been based on a limited sample
size, or they have focused on population
subgroups or specific cancer sites. This

females. These SIRs remained elevatedStudy provides a comprehensive assess-

with increasing years of follow-up and
after exclusion of patients with re-
ported risk factors (e.g., cirrhosis and
hepatitis) or patients whose cancers
were diagnosed at autopsy. Kidney can-
cer risk was also elevated, with SIRs of
1.4 (95% CI = 1.2-1.6) in males and 1.7
(95% CIl =1.4-1.9) in females. For both
sexes combined, the SIR for pancreatic
cancer was 2.1 (95% Cl = 1.9-2.4), with
a follow-up time of 1-4 years; this SIR
declined to 1.3 (95% CI = 1.1-1.6) after
5-9 years of follow-up. Excess risks
were also observed for biliary tract and
endometrial cancers. The SIRs for kid-
ney and endometrial cancers declined
somewhat after exclusion of diabetics
with reported obesity. Conclusions:Pa-
tients hospitalized with a diagnosis of
diabetes appear to be at higher risk of
developing cancers of the liver, biliary
tract, pancreas, endometrium, and kid-

ment of multiple cancer sites in a large,
population-based cohort of diabetics and
was undertaken by linking computerized
records from nationwide hospital and can-
cer registries in Denmark.
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Methods were stratified on the basis of diabetes diagnostipatients with NIDDM entering the cohort

] ) o order (i.e., whether diabetes was the sole or the priggm 1987 through 1989 was 69 vears
The cohort was established by identifying allmary hospital discharge diagnosis at cohort entry oL d with g f 29 Yea h
males and females in the Danish Central Hospitalhether it was a secondary diagnosis). Presumably 1 P2r€ with 51 years for patients wit

Discharge Register who were hospitalized with dias|Rs would be higher in the stratum with diabetes aIDDM. A total of 56.3% of the cohort
betes as a primary or a secondary diagnosis duringsecondary diagnosis if subjects were preferentialidied during follow-up.
the years 1977 through 1989. From 1977 througRelected into the cohort by virtue of having other Sex-specific SIRs for major cancer

1986, these individuals were identified by Interna+gspital diagnoses that predisposed to subsequ . .
tional Classification of Diseases [ICD]-8 code 250.5ncer. %ites are shown in Table 1. Elevated risks

for diabeteg(10), and, from 1987 through 1989, by of digestive system cancers were ob-
revised codes from the Danish National Board of served in both males and females. These
Health that distinguished IDDM and NIDDM. The Results higher risks were primarily due to excess
cohort entry date was defined as the first day of the liver, pancreatic, and biliary tract tumors.

month after the initial hospital discharge in which . T . . .
diabetes was identified. After exclusion of ineligible subjects Most notably, the SIR of primary liver

Of the 117 689 diabetics initially identified, 8106 @and of cancers diagnosed within 1 year ofancer was 4.0 (95% C¥ 3.5-4.6) in
were excluded from the cohort because they die¢ohort entry, a total of 8831 incident candmales and 2.1 (95% Ck 1.6-2.7) in fe-
during the brief interval between hospital admissiorcers and 628 129 person-years were irmales. Approximately 60% of these liver
fr‘]r(‘j‘:vitgjafswgeegéf;etg b"g;';i a ;dsgéc;rt'ﬂnt;‘é?cluded in the present analyses. Among theancers were hepatocellular carcinoma,
age data, leaving a total of 109581 diabetics fOﬁQ 363 cohort members accrued fron19% were c_holanglocarcmoma, and 2.5%
inclusion in the cohort. Estimates of cancer risk |n1987 through 1989 (177% of the totalwere combined hepatocellular and chol-
the cohort exclude the 2222 cancers (and corregohort), when diabetes subtypes could bangiocarcinoma, while the remainder
sponding 97 267 person-years) diagnosed during thgifferentiated by diagnostic codes, 15495vere primarily miscellaneous rare types
first yleart Oft fo”r?W;”p’tWh'CZ Were.g‘lssg.med o 5’9280%) were assigned a code for NIDDM(1.5%), unspecified tumors (10%), or tu-
erevs"’t,ﬁ’;facliﬁf;a?fevi’:u’gﬁﬁ’r‘, foﬁodsiz'be);esléggsvie:and 3868 (20%) were assigned a code fanors that were not histologically con-
the subjects with these 2222 cancers were retained [IPDM. The overall median age at cohortfirmed (7%). The histologic distribution
the analysis because they remained at risk of devebntry was 64 years in males éa 54571) of primary liver cancers among diabetics
oping another primary cancer and national incidencgnd 69 years in females (&= 55010), and the percentage of histologically con-
rates in Denmark include multiple primaries. with 4.3% of the cohort entering prior tofirmed tumors approximated that of the

To ascertain cancer incidence in the cohort, com- . .
puterized hospital discharge records were linked t&he age of 20 years. The median age faumor registry.

the Danish Cancer Registry by use of a personal
identification number assigned to all Danish citi- Table 1. Standardized incidence ratios (SIRs) of cancer in patients hospitalized with diabetes at cohort

zens. The total number of incident cancers observed entry, stratified according to sex (Denmark, 1977-1989)
during the follow-up period was 11 053. The cohort

exit date was defined as either the date of death o\ ¢ cancer Males Females
December 31, 1993. Additional information was 0b'(|CD-7 codels])* No. SIR 95% CIt No. SIR 95% ClI
tained from the Hospital Discharge Register on up to
20 medical conditions reported at each admissioAll cancers (140-205) 4666 11 1.1-11 4165 1.1 1.1-11
during the observation period. The Hospital Dis-Mouth and pharynx (140-148) 118 1.2 1.0-14 54 12 0.9-1.6
charge Registefl1) and the Cancer Registfl2) Digestive organs (150-159) 1433 14 1.3-15 1206 1.2 1.2-1.3
have reported a completeness of registration of more Esophagus (150) 67 13 1.0-1.6 26 1.0 0.7-1.5
than 97% for discharges and incidence of cervical gmfiﬁne(slt?nle) (152) 1?2 ig ég:gg 13 %31’ 3(7):;;
cancer. o , Colon (153) 413 13 1.1-1.4 442 11 1.0-12
Site-specific standardized incidence ratios (SIRS) Rectum (154) 235 1.1 0.9-1.2 167 1.0 0.9-1.2
and 95% confidence intervals (ClIs) were calculated | jyer (155.0) 190 4.0 3.5-4.6 68 21 1.6-2.7
to compare the observed number of incident cancers Biliary tract (155.1-.3) 39 14 1.0-1.9 81 14 1.1-1.8
with the expected. The number of expected cancers Pancreas (157) 206 1.7 1.5-2.0 211 1.6 1.4-1.9
was generated by multiplying the number of personLarynx (161) 61 1.0 0.8-1.3 5 0.5 0.2-1.1
years in the cohort by the national cancer incidenckUnd (162) 713 10 0.9-1.1 250 09 0.8-1.1
rates, specified for sex and 5-year-age and calendgfé@st (170) 7 11 0.4-2.2 rn 11 11-1.2
. e . ; .“Ovary (175) — — — 129 09  0.7-1.0
year categones_. For _|nd|V|duaIs Wlth ml_JItlpIe pri- Corpus uteri (172) . s s 231 14 1216
mary tumors (including second primaries of theCervix (171) _ _ _ 92 0.9 0.7-1.1
same site), each tumor was counted separately in tR§her female genital (176) — — — 61 15 1.2-2.0
analysis. Site-specific SIRs were also stratified orprostate (177) 505 0.9 0.8-1.0 _ — _
the basis of sex, length of follow-up in years, dia-Testis (178) 23 1.0 0.6-1.5 — — —
betes type for those entering the cohort from 198Kidney (180) 168 1.4 1.2-1.6 154 1.7 1.4-1.9
through 1989, and whether or not the hospital reBladder (181) 383 1.0 0.9-11 110 0.9 0.8-1.1
cords mentioned obesity, a confounding risk factof"\‘/'g;?;‘glr;‘:oﬁéos)km (19) 2113 liOO OOYS;liZl Zgl 1(')09 068g1639
for several cancers. Chi-squared t wer : el : S
il riCsk zgﬁz;‘i;(fgorgifg“;ese Brain, nervous system (193) 80 11  09-14 79 11 08-13
. : Ahyroid (194) 10 13 0.6-2.3 21 12  0.7-18
of follow-up. Primary liver cancer SIRs were f”rtherEndocrine (195) 5 1.4 0.5-3.4 0 0.0 0.0-1.4
stratified on the basis of the presence or absence pimphatic and hematopoietic (200-205) 272 11 1.0-1.2 239 11 1.0-13
cancer-associated medical conditions, and, alongymphoma (200-202) 108 1.1 0.9-1.3 97 1.1 0.9-1.4
with renal cell cancer, according to the inclusion orMultiple myeloma (203) 48 1.0 0.8-1.4 52 13 1.0-1.7
exclusion of autopsy-diagnosed cases from both theeukemia (204) 116 1.1 0.9-1.3 90 11 0.9-1.4

observed and the expected numbers.
To address concerns of selection bias arising from *ICD-7 = International Classification of Diseases, seventh revii3).
the use of a hospitalized study population, SIRs 195% Cl = 95% confidence interval.
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The SIR for pancreatic cancer in males Table 2. Standardized incidence ratios (SIRs) of cancer in patients hospitalized with diabetes at cohort
(1‘7. 95% Cl = 1_5_2_0) was similar to entry, stratified according to age at entry (Denmark, 1977-1989)

the SIR in females (1.6; 95% G+ 1.4—

o <50 years 50 years or more
1.9). SIRs for biliary tract cancers wereType of cancer
(95% Cl = 1.1-1.8) in females. A modestAll cancers (140-205) 660 11 1.0-1.2 8171 11 1.1-1.1
elevation was observed for colon cancejouth and phary?’l‘éé“%g‘e) S S e R S
. N . - igestive organs — . A4-2. . 2-1.
in males (SIR= 1.3;95% Cl= 1.1-1.4). "~ E¢ophagus (150) 17 33 1.9-53 76 10  08-13
Kidney cancer risk was elevated in both Stomach (151) 16 1.4 0.8-2.3 303 1.1 1.0-1.3
males (SIR= 1.4; 95% Cl = 1.2-1.6) Small intestine (152) 0 — — 26 14 0.9-2.0
' : o Colon (153) 36 1.3 0.9-1.8 819 1.2 1.1-1.2
and females (SIR= 1.7, 95% Cl= 14— pecyum (154) 21 12 0.8-1.9 381 10  09-1.1
1.9). Endometrial cancer was also found Liver (155.0) 17 4.8 2.8-7.7 241 3.2 2.8-3.6
; . . ’ .. Pancreas (157) 13 1.4 0.7-2.3 404 1.7 1.5-1.9
1.2-1.6). Qlabetlcs with reported obeS|tyLarynx (161) 12 16 0.6-28 54 0.9 0.6-11
who constituted 12% of the cohort, had.ung (162) 78 1.3 1.0-1.6 885 0.9 0.9-1.0
somewhat higher SIRs for kidney (2.0;333;?((11775%) 1857 fg (())'67_11'61 ffz g-g 5-71—11-5
95% Cl = 1.5-2.6) and endometrial (2.0; cormus Uteri (172) 8 07 03-1.4 223 14  12-16
95% CIl = 1.6-2.6) cancers than thoseCervix (171) 24 1.0 0.7-1.5 68 0.8 0.7-1.1
. ’ Prostate (177) 7 1.0 0.4-2.1 498 0.9 0.8-1.0
1.3-1.6 and 1.2; 95% C 1.1-1.4, ré- regis (178) 1 06 0311 12 18 1032
spectively). The SIR of breast cancer irkidney (180) 21 1.6 1.0-2.4 301 15 1.3-1.7
females was 1.1 (95% Ck 1.1-1.2). Bladder (181) 22 0.9 0.6-1.4 471 1.0 0.9-1.1
Gi the broadlv similar risk patt Melanoma (190) 20 0.7 0.4-1.1 118 1.1 0.9-1.3
Iven the broadly similar rsk paternSyeonmelanoma skin (191) 71 08 0.6-1.0 1003 0.9 0.9-1.0
among males and females, the observegtain, nervous system (193) 35 1.3 0.9-1.8 124 1.0 0.9-1.2
numbers of cancers were pooled, andhyroid (194) 2 05 01-18 29 14 09-19
SIR lculated stratifving on th Endocrine (195) 1 1.2 0.02-6.9 4 0.8 0.2-2.0
_S were calculated s fy go q_ymphatic and hematopoietic (200-205) 38 1.0 0.7-1.4 473 11 1.0-1.2
basis of age group at cohort entry (<5Qymphoma (200-202) 16 1.0 0.6-1.6 183 1.1 1.0-1.3
Leukemia (204) 10 0.8 0.4-1.5 196 11 1.0-1.3

the age differences for patients with
NIDDM versus IDDM entering the cohort  «cp.7 = Interational Classification of Diseases, seventh revigits).
from 1987 through 1989, SIRs in the 50 t95% CI = 95% confidence interval.
years or more stratum were assumed to
reflect cancer risk in a population with
predominantly NIDDM, while SIRs in the through 1989, SIRs were suggestive of aIRs decreased from 2.1 (95% €1 1.9—
less than 50 years stratum were assumedevated risk of liver, biliary tract, and 2.4) for a follow-up time of 1-4 years to
to represent cancer risk in a heterogepancreatic cancers in patients with eithet.3 (95% Cl= 1.1-1.6) for a follow-up
neous population with a comparativelyiDDM or NIDDM. In patients with time of 5-9 years and 1.3 (95% Gk
high percentage of patients with IDDM.IDDM, the SIRs were 2.9 (95% CE 0.9-1.7) for a follow-up time of 10 years
To further assess possible difference<€).6-8.4) for liver, 4.2 (95% Cl= 1.1- or more (two-sided test for trend;
SIRs were calculated according to diabe10.9) for biliary tract, and 3.5 (95% G+ P<.0001). The other cancer sites exam-
tes subtype in the subset entering the cd-.8-6.3) for pancreatic cancers. In pained showed no significant variation in
hort from 1987 through 1989. tients with NIDDM, the SIRs were 3.1 risk with increasing time interval between
Primary liver cancer was elevated(95% Cl = 2.0-4.7) for liver, 1.8 (95% cohort entry and cancer diagnosis.
nearly fivefold in the less than 50 yearsCl = 0.9-1.3) for biliary tract, and 1.7  The potentially confounding effects of
age-at-entry stratum and threefold in th€95% CI = 1.2-2.3) for pancreatic can-coexisting medical conditions associated
50 years or more stratum (Table 2). Pancers. A marginal excess of cancers oWith liver cancer were assessed by strati-
creatic and kidney cancers were also ekhe mouth and pharynx (SIR 1.5; 95% fying SIRs on the presence or absence of
evated in both strata, although the 95% CCl = 0.9-2.3) was also observed in pathe following diagnoses in hospital re-
in the less than 50 years stratum includetients with NIDDM. cords: hepatitis, cirrhosis and other liver
1.0 (Table 2). Significant elevations of Since hospitalization for diabetes ordisorders (ICD-8 codes 070 and 570-
40%-50% were observed for biliary tractdiabetes-related conditions may have in573); alcohol dependence and other alco-
endometrial, and vulvar/vaginal (e.g.creased the likelihood of detecting prevahol-related conditions (ICD-8 codes 291,
other female genital) cancers in the 50ent cancers, SIRs were stratified on th&03, 577.1, and 980); cholelithiasis and
years or more stratum, whereas cancers afimber of follow-up years from cohort other disorders of the gallbladder and bil-
the mouth and pharynx and of the esophantry to cancer diagnosis. Liver canceiary tract (ICD-8 codes 574-576); jaun-
gus were elevated twofold to threefold inshowed no trend of increasing or decreasdice (ICD-8 codes 283 and 785); obesity
the less than 50 years stratum (Table 2)ing risk with the length of follow-up for (ICD-8 code 277); and hemochromatosis
On the basis of small numbers in theeither sex alone (Table 3) or both sexefiCD-8 codes 273.2 and 279). Liver can-
subset entering the cohort from 198%tombined. In contrast, pancreatic cancerer SIRs were nearly four times higher in
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Table 3. Sex-specific standardized incidence ratios (SIRs) of liver cancer, stratified according to yearsaaficer, the magnitude of the SIRs for
follow-up, presence of associated diseases, and autopsy diagnosis these cancers was small, suggesting that

Males Females diabetes is unlikely to explain a substan-
tial proportion of them. The elevated in-

1 0, * 0, . . . .
Variable No. ~SIR 9% CI" No. SIR  9%Cl qijence of these cancers persisted with in-
Years of follow-up? creasing years of follow-up, although the

1-4 90 44 3554 32 23 16-32 ; ;

59 66 36 2846 54 18 12-57SIR of pancreatic cancer declined from

=10 31 42 2.8-5.9 12 2.4 1.2-4.1 2.1 to 1.3 after 5 years. There were no
Reported presence of associated diseasest striking excesses or deficits according to

No 97 26 21-31 35 14  1.0-2.0 age at cohort entry that would suggest a

ves 93 99 80121 34 2.4 l'7‘3'4rel<';\tionship between the above-named
Incidental diagnosis of liver cancer at autopsy i

ncluded 190 40 3546 68 21 1p.p7CRNCErS and dlabet_es subtype,_ although

Excluded 132 35  3.0-4.2 45 16 1.1-2.1the modest excess in endometrial cancer

was restricted to the 50 years or more
*95% Cl = 95% confidence interval. stratum. For reasons that are not clear,

TExcludes cancers dlr_clgnos_ed less than 1_year after cohort entry. althgugh chance is possible, elevated risks

fIncludes hepaititis, cirrhosis, and other liver disorders, alcohol dependence and other alcohol-re%lﬁte I/oh | d h |
conditions, cholelithiasis and other disorders of the gallbladder and biliary tract, jaundice, obesity, hral/pharyngea _an esophageal can-
hemochromatosis. cers were observed in cohort members en-

tering prior to the age of 50 years. The

. _ i ) . preponderance of NIDDM diagnoses
males and nearly twice as high in females Diabetes was listed as the sole hosplt%o% of total) among cohort members en-

with a co-diagnosis of any of thg abovedisgharge diagnosis for 25291 (2?,"1%}ering from 1987 through 1989, when di-
pondlthns compared W|th SIRs' in sub-subjects at cc_)hort gntry, as the p”mar%\gnostic codes distinguished the two dia-
jects without any such diagnosis (Tablébut not sole diagnosis for 25390 (23'2%)oetes subtypes, implies that these results
3), although an elevation in risk was stillsubjects, and as a secondary diagnosis f rainly reflect céncer risk associated with
evident in the latter group. 58900 (53.7%) subjects. The SIRs OEIDDM

Autopsy diagnoses of cancer were conliver and pancreatic cancers were the This -stud confirmed the excess of pri-
sidered a potential source of detectiosame in subjects with diabetes as the sole . y ' pri
bias, since diabetics may have higher awr primary diagnosis and in subjects with 2ty liver cancer reporte_d among diabet-
topsy rates than the underlying populationliabetes as a secondary diagnosis. SI N several recent studies from It4#),
and, thus, a greater likelihood of incidenwere slightly higher in the secondary di- weder(S,7),Los Angele(6), and Japan .
tal cancers reported at death. Thereforagnosis group for both kidney (1.6; 95%(14) arjd further demonstrated that the di-
SIRs for primary liver and renal cell can-Cl = 1.4-1.8 versus 1.4; 95% G 1.1- agnosis of diabetes preceded the d|agno—
cers, which both have a relatively highl.6) and endometrial (1.5; 95%:SIS of liver cancer by many years. While
frequency of incidental autopsy diagnosisCl = 1.3-1.8 versus 1.2; 95% G+ 1.0~ the excess was highest in diabetics with
were re-calculated excluding incidentall.5) cancers. Circulatory disease constir-e_por,ted medical conditions associated
autopsy-diagnosed cancers from the nuuted 39% of the primary diagnoses inVith liver cancer, SIRs were also elevated
merator and from the rates used to genesubjects with diabetes as a secondary dif the stratum with individuals who
ate expected numbers in the denominatoagnosis. lacked these conditions, although the lat-
These ratios were compared to SIRs that A total of 4.8% of subjects were diag-t€r SIRs probably underestimate the true
included autopsy-diagnosed cancersosed with more than one primary cancefiSk because national cancer rates applied
Sixty-nine percent of male and 66.1% ofduring the follow-up period. Unusualto the denominator include individuals
female cases of primary liver cancer reclusters of diabetes-associated multipl@ith these conditions. On the other hand,
mained in the numerator after exclusiorprimaries within subjects were not ob-underreporting of alcoholism, asymptom-
of incidental autopsy-diagnosed caseserved. Among subjects with primaryatic hepatitis infection, and hemochroma-
The resulting SIRs were slightly lower, liver cancer, 7.4% had another primanftosis in hospital records may result in
although essentially similar to the originaltumor, the most common of which wereoverestimation of risk.
ratios (Table 3). A total of 71.4% of renallung, colorectal, and breast cancers. Among The causal mechanisms for an excess
cell cancers in males and 65.4% in fethose with kidney cancer, 13% were diagrisk of liver cancer in diabetics are un-
males remained after exclusion of the innosed with another primary tumor, oneclear, although alcohol consumption may
cidental autopsy-diagnosed cases. Howguarter of which were bladder cancers. be involved as a risk factor for both con-

ever, the SIRs were again very similar. 'rDiscussion ditions. Alcohol consumption has been re-
males, the SIR excluding the autopsy- lated to both liver cancel5) and diabe-
diagnosed cases was 1.3 (95%€10.9— The main findings in this study indi- tes (16-19),although not all prospective

1.7) compared with a SIR of 1.4 (95% Clcate that there is an elevated incidence aftudieg20—22)have found an association
= 1.2-1.6) for all renal cell cancers,cancers of the liver, biliary tract, pan-with NIDDM. Through another mecha-
while in females, the respective SIRscreas, kidney, and endometrium in panism, the liver of diabetics and of obese
were 1.8 (95% Cl= 1.3-2.3) and 1.7 tients hospitalized with a reported diagnopersons may undergo fatty changes (ste-
(95% Cl = 1.4-1.9). sis of diabetes. With the exception of liveratosis), with the potential for necrosis
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(steatohepatitis) and fibrotic progressioncs. In this study, SIRs for gallbladder andease not requiring hospitalization. Under-
to cirrhosis, perhaps resulting from thecolon cancers did not differ among dia-reporting of diabetes among hospital pa-
cellular accumulation of toxic free fatty betics with and without reported obesity tients with mild disease also cannot be
acids in insulin-deficient celll6,23—-25). although underreporting of obesity mayruled out. Given the large number of SIRs
Although the risk of pancreatic cancerhave obscured true differences betweethat were generated, some associations
in this study decreased significantly withthese strata. may have appeared due to chance alone.
years of follow-up, a 30% excess re- Several studieq9,39-41) have re- However, chance is unlikely to explain
mained after 5 or more years. A numbeported elevated relative risks of kidneythe strong associations that appeared con-
of cohort and case—control studies that execancer in diabetics, although these risksistently across various subgroups here
amined pre-existing diabetes as a risk facwere not statistically significant or wereand in previous studies, such as the excess
tor for pancreatic cancer have reportedf borderline significance after adjust-of primary liver cancer.
equivocal result$26), and a temporal se- ment for obesity, a known risk factor for  This cohort study confirmed the no-
quence in which the diagnosis of diabetesenal cell cancer. An association of renatable excess risk of primary liver cancer
precedes the diagnosis of cancer has ndtalysis with some forms of renal carci-in diabetics. The relationship between
been uniformly establishe@7,28).A di- noma and predisposing cysts has beatfiabetes and insulin resistance and liver
rect causal link of diabetes to pancreaticeported(42), and such dialysis may becancer should be explored further in mo-
cancer has been questioned because ordyrelevant risk factor among the subseecular epidemiologic studies where co-
a small percentage of pancreatic tumoref diabetics in this cohort who receivedvariates and biologic mechanisms are
arise in insulin-producing islet cells anddialysis for diabetes-related renal discarefully considered. As the number of
most are of exocrine origin. Alternatively, ease. years of follow-up increases in which
it has been postulated that diabetes and The linkage of national hospital andseparate ICD codes for IDDM and
pancreatic cancer are separate, histologiancer registries in Denmark to examindNIDDM are available in Denmark, future
cally specific responses to a commortancer outcomes in diabetics has severedcord-linkage cohort studies may prove
etiologic factor(29). important advantages. A large sample sizeseful for studying cancer outcomes ac-
Several other cancers were observed was obtained that provided the necessagording to diabetes subtype, bearing in
be in excess in this study, including canstatistical power to examine site-specifianind that patients who are not dependent
cers of the kidney in both sexes, of thecancer incidence and to analyze furtheon exogenous insulin to sustain life may
colon in males, and of the endometriumthe patterns of risk according to sex andgtill be treated with insulin and therefore
In view of the association between diabeother descriptive variables. The largebe assigned the IDDM code.
tes and obesity, it is noteworthy that thessample size also provided the opportunit)ﬁ2
cancers were also elevated in a Danisto rule out associations with common caniR€ferences
record Iinkqge study.of obe;ity and cancecers such as prpste}te ‘cancer, Wh_ich(l) Foster DW. Diabetes mellitus. In- Isselbacher
(30). Obesity and, in particular, centralshowed no elevation in risk among dia- " k3 Braunwald E, Wilson JD, Martin JB, Fauci
adiposity are recognized risk factors fobetics. Furthermore, by excluding cancers AS, Kasper DL, editors. Harrison’s principles
endometrial cance(31) and postmeno- diagnosed prior to cohort entry from the  of internal medicine. Vol. 2, 13th ed. New
pausal breast canc¢B2,33),as well as analyses, a temporal sequence was estab- York: McGraw-Hill, 1994:1979-2000.

. . . . . . . . . . (2) Everhart J, Wright D. Diabetes mellitus as a
pred[ctors_ of insulin reS|sta_nce :_;md hyperhshed in which the diagnosis c_)f_ dla}betes risk factor for pancreafic cancer, A meta-
insulinemia(34). Although insulin resis- preceded that of cancer. Stratification on  analysis. JAMA 1995:273:1605-9.
tance has been linked to breast cancer rigke basis of years of follow-up and exclu- (3) Chow WH, Gridley G, Nyren O, Linet MS,
in one study, independent of body massion of cancers diagnosed within the first ~ Ekbom A, Fraumeni JF Jr, et al. Risk of pan-
index or distribution of adiposity35), year of follow-up or at autopsy demon-  ¢eatic cancer following diabetes meliitus: a

. . . . . nationwide cohort study in Sweden. J Natl
several other_studl'ee5,36,.37)have not strated that dete'ctlon biases (|.e.., iN- " Cancer Inst 1995:87:930-1.
found a relationship of diabetes per s&reased cancer diagnoses at the time 0fs) La vecchia C, Negri E, D'Avanzo B, Boyle P,
with premenopausal or postmenopausdiospitalization with diabetes or at au-  Franceschi S. Medical history and primary
breast cancer, in concurrence with the retopsy) could not fully explain the elevated liver cancer. Cancer Res 1990;50:6274-7.
sults of this study. risks of cancers, such as those of the pant®) Adami HO, McLaughlin J, Ekbom A, Beme C,
Gallbladder cancer, particularly increas, liver, and kidney. silverman D, Hacker D, et al. Cancer risk in
! ; . ! P . patients with diabetes mellitus. Cancer Causes
women, has also been associated with Interpretation of the results of this Control 1991:2:307—14.
obesity and type of fat distribution, which study is limited by the lack of extensive, (6) YuMC, Tong MJ, Govindarajan S, Henderson
may reflect a greater prevalence amontgliable data on potentially relevant co-  BE. Nonviral risk factors for hepatocellular
the obese of carcinogenic risk factorsyariates, including obesity and alcohol ~ Carcinoma in a low-risk population, the non-
. Asians of Los Angeles County, California. J
such as gaIIstorjes, cholesterol-supersatwens'u'mptl.on, anql also by the a}bs',enc.e of  \ail cancer Inst 1991:83:1820-6.
ated bile, or high levels of endogenousspecific diagnostic codes to distinguish (7) adami HO, Chow WH, Nyren O, Bere C,
estrogeng38). In this study, where the IDDM and NIDDM for most of the time Linet MS, Ekbom A, et al. Excess risk of pri-
SIR of biliary tract cancer was 1.4, diabeperiod under observation. Furthermore, mary liver cancer in patients with diabetes mel-
tes may be functioning as a marker obecause the cohort was established in g 'tus- J Natl Cancer Inst 1996,88:1472-7.
these risk factors through its associatiomospitalized population, the results may%) La vecchia C, Negri E, Franceschi S, D'Avanzo
. ) = ) - ! ] : B, Boyle P. A case-control study of diabetes
with obesity. A similar effect may explain not be generalizable to all diabetics, such  meliitus and cancer risk. Br J Cancer 1994:70:
the excess of colon cancer in male diabets those with asymptomatic or mild dis-  950-3.
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(17p13; TP53 gene), and 13qg (13ql4; alterations are found in many human can-
retinoblastoma gene). Microsatellite al- cers, including lung cancer, and may
Molecular Damage in the terations were detected in 64% of the serve as clonal markers for early cancer
Bronchial Epithelium of smokers. No genetic alterations were dgtectipn(19,20). Micro;atellitg alter-

Current and Former Smokers detected in nonsmokers.Conclusions: a_tlons involve 'changes in the size of the
Genetic changes similar to those found simple nucleotide repeats of polymorphic

. . in lung cancers can be detected in the microsatellite DNA sequences, resulting
lgnacio I. Wistuba, Stephen Lam, yonmalignant bronchial epithelium of in altered electrophoretic mobility of one

Carmen Behrens, Arvind K. current and former smokers and may O both alleles. In lung cancers, such al-
Virmani, Kwun M. Fong, Jean  persist for many years after smoking terations have been reported to occur at
LeRiche, Jonathan M. Samet,  cessation. [J Natl Cancer Inst 1997;89: frequencies ranging from 0% to 45%

. ; 1366-73] (19,21-23).Although the mechanisms
Sgdhlr Sn\_/aStava’ ‘JOI;m D. underlying microsatellite alterations are
Minna, Adi F. Gazdar currently unknown, they may represent a

Lung cancer is_the most frequent causgym of genomic instability(24).
of cancer deaths in both men and women o5t previous molecular studies of
Background: Most lung cancers are at- in the United Stategl). Tobacco smoking |yng tissue have been performed in mate-
tributed to smoking. These cancers is accepted as a major cause of cancers gf| from small numbers of subjects with
have been associated with multiple ge- the lung and of several other cancer typeggncurrent lung cancer, and only scant in-
netic alterations and with the presence (2). As with other epithelial cancers, lungformation is available about molecular
of preneoplastic bronchial lesions. In cancer is believed to arise after a series @hanges in the respiratory epithelium of
view of such associations, we evaluated progressive pathologic changes (prene@&mokers without canc¢t5,16,25)In this
the status of specific chromosomal loci plastic lesions) in the bronchial epithestudy, we determined the frequency of
in histologically normal and abnormal lium (3). The sequential preneoplasticsuch alterations at eight chromosomal re-
bronchial biopsy specimens from cur- changes have been defined for centrallgions, which are frequently deleted in
rent and former smokers and speci- arising squamous cell carcinomas but aring cancers, in the bronchial epithelium
mens from nonsmokersMethods:Mul-  poorly documented for small-cell carcino-of current and former smokers in com-
tiple biopsy specimens were obtained mas and adenocarcinomas. Advancegarison with nonsmokers.
from 18 current smokers, 24 former preneoplastic changes occur far more .
smokers, and 21 nonsmokers. Polymer- frequently in smokers than in non-Materials and Methods
ase chain reaction-based assays involv-smokers, and these changes increase
ing 15 polymorphic microsatellite DNA  frequency with the amount of smoking,
markers were used to examine eight after adjustment for agé4,5). Morpho-  We studied bronchial biopsy specimens obtained
chromosomal regions for genetic logic recovery occurs after smoking cesby fluorescence bronchoscopy from 63 subjects (21
changes (loss of heterozygosity [LOH] sation (4,6), although elevated lung "°nSmokers, 18 current smokers, and 24 former
and microsatellite alterations). Results: cancer risk persist§). Changes in bron-
LOH and microsatellite alterations chial epithelium, including metaplasia
were observed in biopsy specimens and dysplasia, have been utilized as sur- *Affiliations of the authorsi. I. Wistuba, Hamon
from both current and former smokers, rogate end points for chemopreventiorféer for Therapeutic Oncology Research, Univer-
but no statistically significant differ- studies(8,9). Risk factors that identify sity of Texas Southwestern Medical Center, Dallas,
! . . . and Department of Pathology, Pontificia Universi-
ences were observed between the twonormal or premalignant bronchial tiSSU€jad catolica de Chile, Santiago: A. K. Virmani,
groups. Among individuals with a his- at risk for malignant progression need to\. F. Gazdar, Hamon Center for Therapeutic Oncol-
tory of smoking, 86% demonstrated be better defined. ogy Research and Department of Pathology, Univer-
LOH in one or more biopsy specimens, ~ Many mutations, especially those in-Siy of Texas, Southwestern Medical Center; S.
. . . . Lam, J. LeRiche, British Columbia Cancer Agency,
and _24% showed LOH in all _blopsy volvm_g recessive oncogenes, have beevrbncouver, Canada; C. Behrens, K. M. Fong,
specimens. About half of the histologi- described in lung cance(%0,11).Loss of Hamon Center for Therapeutic Oncology Research:
cally normal specimens from smokers heterozygosity (LOH) analyses utilizingJ. M. Samet, Department of Epidemiology, The
showed LOH, but the frequency of polymorphic microsatellite DNA markers Johns Hopkins University School of Hygiene and
LOH and the severity of histologic are frequently used to identify allelic PuPlic Health, Baltimore, MD; S. Srivastava, Na-
. . . . tional Cancer Institute, Bethesda, MD; J. D. Minna,
char)ge dlq npt correspond until thg I_osses at specific chromosoma}l loci. Alle . mon center for Therapeutic Oncology Research
carcinomain situ stage. A subset of bi- lic losses at chromosomal regions 3p, 9mnd Departments of Internal Medicine and Pharma-
opsy specimens from smokers that ex- and 17p occur relatively early during thecology, University of Texas, Southwestern Medical
hibited either normal or preneoplastic multistage development of invasive lungcenter.
histology showed LOH at multiple cancer(12—17).In addition, there is evi- _ Correspondence toidi F. Gazdar, M.D., Hamon
. . .. Center for Therapeutic Oncology Research,
chromosomal S|te§, a ph(_anome_non_fre- dg_nc<_—:- of more generallzgd genomic '”S_ta}CJBs.loe, UT Southwestern Medical Center, 5323
quently observed in carcinomain situ bility in lung cancer and its preneoplastiCHarry Hines Bivd., Dallas, TX 75235-8593. E-mail:
and invasive cancer. LOH on chromo- lesions. Widespread aneuploidy occurszdar@simmons.swmed.edu
somes 3p and 9p was more frequent throughout the respiratory epithelium of See“Notes” following “References.”
than LOH on chromosomes 5q, 17p lung cancer patient§18). Microsatellite © Oxford University Press

g}udy Populations
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smokers) (Table 1). All subjects were recruited atissue changes from normal to metaplasia, dysplasia,(L5.71CA), 9p21 (D9S171 and IFNA [interferon
the British Columbia Cancer Agency, Vancouver,CIS, and invasive cancer. Lesions as small as 1 mmalfa]), 13g14 (RB [retinoblastoma] gene, dinucleo-
Canada, as part of an Institutional Review Boardin surface diameter were localized, and biopsy speci- tide repeat at intron 2, and tetranucleotide repeat at
approved clinical trial to study the effect of smokingmens were taken under direct vision. Specimens intron 20), and 17g31.1 (TP53 [p53] gene, the di-
on the respiratory epithelium. All participants gavewere taken from all areas of the bronchial tree that nucleotide repeat TP53, and a pentanucleotide re-
written informed consent before enrollment into thewere suspicious for moderate dysplasia or worse. In peat). With four exception§28-30), most of the
study. Because of our inability to enroll older non-addition, at least two biopsy specimens from widely primer sequences were obtained from the Human
smokers, the control subjects consisted of 16 releseparated areas of normal or minimally abnormal Genome Database. Allelic loss was determined by

tively young, healthy volunteers, three subjects whdluorescence were taken. modifying a previously describefl3) PCR-based
had bronchoscopy for chronic cough, and two indi_ld ificati ¢ Prei Ve Lesi assay, generatinifPO,-labeled amplification prod-
viduals with a history of occupational exposure toldentification of Preinvasive Lesions ucts, as follows:4) Nested PCR methods were used;

asbestos. Subjects were categorized as to smoking ; ; ol hi ; (b) for detection of loci within the TP53 and FHIT
status as follows: &) Nonsmokers were subjects Sections (5um thick) of bronchial biopsy tissues

who had smoked fewer than 365 cigarettes in theil*é"® Stained with hematoxylin—eosin and examined ien.is :n_d (t:hl_eOSl\??I:ELCr:?-lglin’b hot-start P?R (TquSIa“
lifetime, (b) current smokers were subjects who ha Y tyvo reference patho!ogists (A. F. Gazdgr and J Alml OCK = _ad'o_rgtozles,b.nc., a|0
smoked more than 365 cigarettes in their lifetime-¢Riche) and scored with the use of published cri- ! o, CA) was used. In individual subjects, only
and who either were currently smoking or hagt€@ for the histologic identification of epithelial informative markers that demonstrated constitu-
stopped smoking within the previous 12 montteg, ( Premalignant lesiong). In case of disagreement, a tional heterozygosity were tested for LOH. There
former smokers were subjects who had smoke§ONSensus diagnosis was achieved with help of thewere no statistically significant differences in het-
more than 365 cigarettes in their lifetime and Whothi"d pathologist (l. _I' Wistuba). Pathologic diag- erozygosw rates according to chromosomal reglons
had stopped smoking for longer than the previous 1995€S Were categorized as follows: category 1, nor- for any subject category. LOH was scored by visual
months, andd) lifetime smokers (also referred to as mal bronchial epithelium; category 2, hyperplasia detec_tlon of complete absence of one allelg. M|cro-
“smokers”) consisted of a combination of current (9oPlet cell or basal cell type) or simple squamous satellite alterations were detected by a shift in the
and former smokers. Because almost all adults ha\;getaplasia without dysplasia; category 3, mild dys- mobility of one or both alleles (Fig. 1). After gen-
plasia; category 4, moderate or severe dysplasia; anceration of the initial data and breaking of the histo-
ategory 5, CIS. logic code éee belowfor information on binding),

. ) . . we confirmed that LOH and microsatellite alter-

icrodissection and DNA Extraction ations were not artifacts by re-examining all changes
in histologically normal biopsy specimens by repeat
PCR analysis, frequently from an independent mi-
crodissection.

at least a minimal exposure to cigarette smoking, wi
arbitrarily chose a 365-cigarette exposure, equian
lent to one cigarette per day for a year, as the di
tinction between smokers and nonsmokers. Al
smokers had smoked more than 20 pack-years \jicrodissection and DNA extraction were per-
(pack-years= number of packs per day multiplied tormed from specimens mounted on microscope
by the number of years of smoking), except for thregjijes, as previously describ¢ii3). Precisely iden-
subjects (1, 10, and 12 pack-years). Most formefisieq areas of normal and abnormal bronchial epi-
smokers (72%) had ceased smoking for 5 years Qfglia were microdissected under microscopic visu- Calculation of Indices for
longer (mean, 11 years; range, 1-48 years). Sixte&{)ization. Microdissected stromal cells from the Documenting Extent of
smokers had a history of prior carcinonia situ  same slides provided constitutional DNA. Biopsy Molecular Chanaes
(CIS) or invasive lung cancer. specimens containing a total of at least 300-800 9
Of the subjects, 49 (78%) were males and 14iihejial cells in one or more sections were re-
(22%) were females. The mean age of the smokets, qed as adequate for analysis and were microdis- Because heterozygosity at the different loci varied
was 63 years (range, 26-88 years). Because we Welgcted. After DNA extraction, GL of the digested  between subjects, the number of chromosomal re-
unable to recruit older nonsmokers, the average aggmpjes, containing DNA from at least 50 cells, was gions tested in subjects varied. Thus, indices were
of the nonsmokers was considerably lower (meanyseq for each polymerase chain reaction (PCR) re-created to compare molecular changes between sub-
34 years; range, 21-60 years). Other relevant subjegtjon, jects and between biopsy specimens. The fractional
information is presented in Table 1. , regional loss index for individual biopsy specimens
Polymorphic DNA Markers and (FRL-biopsy) and the fractional regional loss index
Fluorescence Bronchoscopy PCR-LOH Analysis for all biopsy specimens from an individual subject

(FRL-subject) were calculated as follows:
Fluorescence bronchoscopy was performed by To evaluate LOH and microsatellite alterations,

one of us (S. Lam), as previously descrit{gé,27). we used primers flanking dinucleotide and multi-
The procedure was performed on the subjects undeucleotide microsatellite repeat polymorphisms lo-
local anesthesia with the use of the LIFE-Lungcated at the following genes or chromosomal loca-

FRL-biopsy index=

device following conventional white-light examina- tions: 3p14.2 (FHIT [fragile histidine triad] locus, total number of
tion. Briefly, upon illumination of the bronchial sur- D3S4103), 3p14.3-21.1 (D3S1766), 3p21 chromosomal regions
face with a blue light (405-442 nm), the autofluo-(D3S1447, D3S1478, and D3S1029), 3p22-24.2 with LOH

rescence intensity progressively decreases as tip3S2432, D3S1351, and D3S1537), 5922 total number of informativé-for any one biopsy.

Table 1. Characteristics of patients and control subjects: smoking histories, clinical information, and biopsy specimens

Years of smoking Age, y Biopsy specimens studied
Pack-years,* cessation, Sex,
Subject categories No. mean (range) mean (range) M:Ft Mean (range) Median Total Mean (range)
Lifetime nonsmokers 21 NAF NAT 15:6 34 (21-60) 29 67 3.1(1-7)
Lifetime smokers 428 49 (1-132) — 34:8 63 (26-88) 61 188 4.5 (2-9)
Current smokers 18 44 (12-77) 0 14:4 60 (34-83) 59 92 5.1(2-9)
Former smokers 24 54 (1-132) 11 (1-48) 20:4 65 (26-88) 63 96 4.0 (2-9)
All subjects 63 — — 49:14 53 (26-88) 58 255 4.1 (1-9)

*Pack-years= number of packs of cigarettes smoked per day multiplied by the number of years of smoking.
T™M = male; F= female.

FNot applicable.

8§Two current smokers and 14 smokers had a previous lung cancer.
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biopsy specimens from former smokers
a) 3p22-24.2 (D381537)  b) 3p14.2 FHIT gene (D354103) (P<.001).

|

| | Comparison of Molecular Changes

—c—— . Between Nonsmokers and Smokers

—— . — ‘ A most striking finding was the com-
plete absence of molecular changes in ev-
ery biopsy specimen from every non-
smoker subject. In contrast, a very high
frequency of LOH at one or more chro-
mosomal regions was detected in 36
(86%) of 42 smokers and in 91 (48%) of
:—:_a 188 of their biopsy specimens(=
- ol .0001) (Figs. 2 and 3). There was a mod-
& est correlation between the _number of

molecular changes per subject (FRL-

subject index) and smoking exposure (

& I 1 2 I 3% 3 4 % g1 1 1 5 = .34). Of interest, the difference in the
mean FRL-subject index between current

Fig. 1. Representative autoradiographs of microsatellite DNA analyses involving biopsy specimens {r n;g) and former smokgrs (0.18) was not
four smoker subjectg@—d), showing loss of heterozygosity at chromosomal regions 3p22-a¥.3p14.2 S'_g_mﬂcam P = .98) (F'g- 2, B). In ad-
(FHIT gene)(b), 17p (TP53 genelc), and 9p21(d). S = normal stromal cells; k= histologic category 1 dition, the difference in the mean FRL-
(normal bronchial epithelium); 2= histologic category 2 (hyperplasia or simple squamous metaplagi@gbject index between subjects with a his-
without (;jys;)llasia;);;»:h_hitstlolo_gic ctategor)g?z (mil_d dy_splisi)a)l; 4 histlologi(ihcat_l?gg;y 4 ({nodelratf_dor tory of prior lung cancer (0.20) and those
severe dysplasia); istologic category 5 (carcinomia situ). In panelc, in the pentanucleotide . . .
repeat marker, a microsatellite alteration is evident in normal epithelium (category 1, |aBee®xt for without such a history (0.18) was not sig

more details. nificantly different @ = .12).
Of interest, 10 subjects (five current
FRL-subject index per subject; range, one to nine per subsmokers and five former smokers; 24% of
ject). Two hundred fifty-five specimensthe subjects who smoked) demonstrated
total number of (81%) contained adequate numbers dfOH at one or more chromosomal re-
chromosomal regions . . . . L .
with LOH surface epithelial cells to perform mul-gions in all of their biopsy specimens. In
summedforall any one subject. tiple DNA analyses (Table 1). Ninety-two contrast, in six subjects (one current
total number of informative biopsy specimens were from currensmoker and five former smokers), no
summed for all . . . .
smokers (mean of 5.1 per subject), 9 OH was detected in any biopsy speci-
Statistical Analyses were from former smokers (mean of 4.0)men (Fig. 2, B).

and 67 were from nonsmokers (mean of Because the smokers tended to be

Pathologists and laboratory staff were blinded a8.1). While the nonsmokers were signifi-older and, in fact, there were no non-
to subject category and other clinical informationcgntly younger than the smokers, samplsmokers above 60 years of age, we at-
:22:;:;3 ddg;alﬁiriff}:ﬁzguf;’:eznfgif& d'zaftgrv‘;f;%dequacy was similar in smokers andempted to use various multivariate mod-
portions (31). Because of the distribution of the NONSMokers (Table 1). els to control for the effect of age so
biopsy and patient indices, the nonparametric wil-  The distribution of histologic catego- that the effect of smoking could be esti-
coxon test(31) was used to compare the groupsries of biopsy specimens was significantlynated without confounding by the age
Spearman correlation coefficients were calculatejjfferent (P<.001) between smokers anddifferences. Because of the differences
ZEENS:QKFS:;:EZ%glii:(eggl';r‘Tsh‘évzszagtisgii‘:"g%onsmokers (Fig. 2, A). In nonsmokersjn the age distributions, these models
nomial test(32) was used to examine the likelihood 69 (97%) of 67 biopsy specimenswere not fully successful for this purpose.
that a particular event (loss of the same allele iflemonstrated normal or slightly ab-However, none of the three nonsmokers
paired biopsy specimens) occurs at a particular prolnormal changes (categories 1 and 2), twover 45 years of age had any mutations. In
ability when observed in repeated trials. When thg304) biopsy specimens demonstratedontrast, among four smokers under 45
results are compared with a chance occurrencg,; " qysplasia (category 3), and noneyears of age, all had multiple mutations in

or nonoccurrence, the particular probability of . : .
comparison is 5. All reporte® values are two- demonstrated more severe changes (catwultiple biopsy specimens.

sided. egories 4 or 5). In contrast, 96 (51%) of
188 biopsy specimens from 33 (79%) oiCorrelation Between Molecular
Results 42 smoker subjects demonstrated histdAlterations and Histologic
logic categories 3-5, and only 26 (14%)Changes in Smokers
Histologic Changes of 188 biopsy specimens were normal. In

addition, only four (4%) of 92 biopsy @ We correlated the fraction of regional
A total of 315 biopsy specimens werespecimens from current smokers werdoss per biopsy specimen with the histo-
obtained from 63 subjects (average, fivemormal compared with 24 (25%) of 96logic category in smokers. The data, sum-
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marized in Fig. 2, A, demonstrate that the LOH was detected more frequently atences between the four specific chro-
mean FRL-biopsy indices were similarcertain chromosomal sites than at othemmosome 3p regions (3p14.2 [FHIT gene],
(0.13-0.15) from category 1 (normal epi-(Fig. 3, A and B). The most frequent al-3p14.3, 3p21, and 3p22-24.2) suspected
thelium) to category 4 (moderate or seilelic losses occurred at one or more chroto harbor tumor suppressor genes. Apart
vere dysplasia) until a significant rise (0.61)mosome 3p regions (38% of all biopsyfrom 3p14.2 (FHIT gene), LOH at the
occurred in category 5 (CISP(= .001). specimens) and at chromosome 9p2ather chromosome 3p regions was de-

Another important observation was thg23% of all biopsy specimens). The leastected in histologically normal epithe-
presence of frequent LOH in histologi-frequent change was LOH at chromosomBum and was quantitatively similar until
cally normal biopsy specimens (categorpq (2% of all biopsy specimens, none othe CIS stage, when a statistically sig-
1; Fig. 2, A). LOH at one or more chro- which were in normal epithelium). LOH nificant increase in frequency was noted
mosomal regions was detected in 1at the TP53 (12% of biopsy specimensjor all regions (Fig. 3, B). In contrast,
(50%) of 26 histologically normal biopsy and RB (18%) genes occurred at intermetOH at 3p14.2 (FHIT gene) was first
specimens taken from 10 (53%) of 19diate frequencies. detected at the later stage of mild dyspla-
smokers. We tested whether there were differsia.

Journal of the National Cancer Institute, Vol. 89, No. 18, September 17, 1997 REPORTS 1369



A
B 5q
80— B 17p (TP53 gene)
E:) B 13q (RBgene) ?
3
o 70 — O op ?
£ 7
= 2 3p 07
2 60—‘ B Any Region i ’
. ,z
S 50 g
g a
8 ]
8 40 — ? ? ’
D % 7
S w7 2 / ?
3 2 / 7 7 2
o 2 2 / % 2
i 1N &
©
Fig. 3. A) Relationship be- .f_'_’ 104 ? ? : ? g ?
tween loss of heterozygosity 2 ? ? ? ’ ?
(LOH) at individual chromo- &~ | Z 7
somal regions according to his- 0 4 1 ¥ Z Z 4
tologic categories in smokers. Category 1 Category 2 Category 3 Category 4 Category 5 All Categories
B) LOH at specific regions of ) ) )
chromosome 3p according to Histologic Categories
histologic categories in smok- B
ers. Seelegend to Fig. 1 for
histologic category definitions. -
O 3p14.2 (FHITgene)
| 80—,
o 3pl14.3
§ o] [ s
.8 b4 3p21
7] 60—
> W 320242
8 50—
e
15 40—
L
5’ 30—
)
R 20_]
=
§ 10_|
]
S 0— T - T
R Category 1 Category 2 Category 3 Category 4 Category 5 All Categories
Histologic Categories
Allele-Specific Loss probability of this finding happening by did not alter with increasing histopatho-
chance$ 1 x 102, logic changes. There were no statistically
We have previously described the phe,: . . . significant differences in the frequencies
nomenon that we labeled a”ele_speciﬁCM|crosatell|te Alterations in Smokers of microsatellite alterations between cur-

loss (ASL) indicating that the identical al- A high frequency of microsatellite al- rent and former smokers or between sub-
lele is lost in widely separated areas of théerations at one or more chromosomal lodects with or without a history of prior
respiratory epithelium(13,14). In this was detected only in smokers (27 [64%Farcinoma.
study, we found the same phenomenonf 42 subjects and 46 [24%)] of 188 biopsyD- :

. . . . - . ISCUSSION
when two or more biopsy specimens fronmspecimens). Of interest, microsatellite al-
the same subject demonstrated losses tdrations at one or more chromosomal loci Because most lung cancers are attrib-
the same marker(s). In such comparisonsere detected in four (15%) of 26 histo-utable to smoking, we investigated mo-
of paired biopsy specimens, ASL wadogically normal biopsy specimens occurdecular changes in the normal and abnor-
noted in 118 (93%) of 127 cases. Accordfing in four (21%) of 19 smokers. Themal bronchial epithelia of smokers and
ing to the cumulative binomial test, thefrequencies of microsatellite alterationsonsmokers. Fluorescence bronchoscopy
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was used to identify and to obtain biopsynot fully successful for this purpose.tologically normal biopsy specimens had
specimens from multiple areas of histoHowever, the complete absence of genetiallelic loss equal to or greater than that
logically normal and abnormal bronchialchanges in the nonsmokers across the ageesent in CIS lesions. These findings
epithelia in nonsmokers, current smokersspan from 20 to 60 years indicates that theuggest that CIS and invasive tumors may
and former smokers. After careful micro-substantial genetic changes found in tharise directly either from normal epithe-
dissection of the epithelium, extractedsmokers cannot be attributed to age alongum or from abnormal epithelium, with-
DNA was analyzed by PCR for LOH atEven in the older nonsmokers (three obut passing through the entire histologic
eight chromosomal regions frequently dewhom were above 45 years of age), thergsequence (parallel theory of cancer devel-
leted in lung cancers. These analyses utwas no indication of genetic change.  opment)(42). In contrast, three CIS le-
lized 15 polymorphic microsatellite mark-  As a result of public health campaignssions lacked allelic loss in any of the re-
ers. In nonsmokers, almost all (97%) ofin the United States, there has been asugmns studied. While no published data
the biopsy specimens demonstrated nostantial reduction in the percentage ogyist for CIS of the respiratory tract, mul-
mal or slightly abnormal histology. In adults who smoke. From published figpje studies of the natural history of uter-
contrast, biopsy specimens from both curures, it can be estimated that there arge cervical CIS indicate that only a
rent and former smokers demonstrated th@pproximately equal numbers of smokerg,pset progresses to invasive cancer [re-
entire spectrum of preneoplastic pathoand former smokers nationwide (about 43,ie\yed in(43)]. Our findings suggest that
logic changes associated with lung canmillion in each category(33).Atthe Uni-  ~|g and other histologically normal or ab-
cer. A significantly higher percentage ofversity of Texas M. D. Anderson Cancery, .4l foci having multiple regions of al-
biopsy specimens from former smokerLenter, Hpuston, more than half of th%lic loss are at increased risk of progress-
(25%) than f_rom current smokers (4%)recently diagnosed lung cancers arise '”19 to invasive cancer.

had. normal hlstolggy. Thgse morphologlo‘ormer ;moke(s, and nearly 50% of these In colon cancer, the accumulation of
fmdmgs are consistent ywth previous ob-hgd quit smoking more than 5 years preg . iotions during the preneoplastic pro-
servations that dysplasia and CIS occwiously (34). From the current smoking : dom but usually follows a
less frequently in nonsmokers than irtrends, it appears that former smokers W”fess Is not ran .IO Voinl y h
smokers(4) and that histologic recovery account for a growing percentage of aIPattern(44).S|m| arly, In ung cancer, the
of the bronchial epithelium may occurpatients with lung cancer. Multiple muta_dgvelopmental sequence is not random,
relatively rapidly after smoking cessationtions are found in invasive lung tumors,W'th LOH at one or more chromosome 3"
(4,6). and, presumably, the diminished risk of £910NS and at chromosome _9p21 being

While the 21 nonsmokers consisted oformer smokers is due to a decrease in theéarly eve_nts and RAS mutaﬂoqs occur-
healthy volunteers as well as subjects beaccumulation of new mutations in the'Y relatively late(12-15). Our finding
ing investigated because of chronic cougbronchial epithelium. Somewhat surpris-that losses at chromosomeg 3p and 9p are
or occupational exposure to asbestos, riagly, we found no statistically significant féduent and early events in current and
molecular changes (either LOH or micro-differences in the frequencies or patternf2rmer smokers without lung cancer are
satellite alterations) were present in anpf allelic loss between current and formeCONSistent with these observations. In
of the 67 biopsy specimens analyzed. Ismokers, and multiple molecular abnor€ontrast, LOH at chromosome 5g, a rela-
contrast, extensive LOH, frequently ofmalities were found in biopsy specimené'veb’ frequent eventin invasive lung can-
multiple regions, was present in nearlyfrom subjects who had quit 10-48 year§er (45,46),was detected only in the CIS
half (48%) of the biopsy specimens frompreviously. These findings suggest thagtage. The short arm of chromosome 3
smokers, including 50% of histologically molecular changes, unlike histologic(3P) contains several discrete regions, in-
normal biopsy specimens. Most smokershanges, may persist long after smokin§luding 3p12, 3p14, 3p21, and 3p24-25,
(86%) had allelic loss in at least one bi<essation. Our findings are consistenthich are deleted in lung and other can-
opsy specimen, and 10 subjects (24%yith the maintained increased risk of lungcers and which are each believed to har-
demonstrated allelic loss in every biopsycancer in former smoker@). bor recessive oncogengkl). Deletions at
specimen analyzed. In addition, microsat- Subjects with previous aerodigestiveone or more of these sites were frequently
ellite alterations were present in at leastancers (including those of the lung) argletected in histologically normal or
one biopsy specimen from 64% of theat greatly increased risk for the developslightly abnormal bronchial biopsy speci-
smokers. ment of second cancer85-38). Thus, mens.

Interpretation of the findings on smok-another unexpected finding was the lack We have previously demonstrated in
ing is potentially limited by the differing of significant differences in molecular patients with lung cancer that widely
age distribution of the smokers and nonehanges between subjects with and withseparated regions of the bronchial mucosa
smokers included in the study. The smokeut a previous history of lung cancer. may demonstrate loss of the same allele
ers tended to be older; in fact, there were The development of epithelial cancerf a polymorphic marke(13,14),a phe-
no nonsmokers above 60 years of age. Wkequires multiple mutation@9), the step- nomenon that we have referred to as al-
attempted to use various multivariatenvise accumulation of which may indicatelele-specific loss (ASL). In this study,
models to control for the effect of age sca mutator phenotypé40,41). Thus, it is ASL was noted in 93% of paired compari-
that the effect of smoking could be esti-possible that those preneoplastic lesionsons. According to the cumulative bino-
mated without confounding by the agethat have accumulated multiple mutationsnial test, the probability of this finding
differences. Because of the differences iare at highest risk for progression to in‘happening by chancs il x 102 While
the age distributions, these models wereasive cancer. We found that 12% of hiSsASL may represent clonality, we have
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suggested that alternate explanations may al epithelium on stopping smoking. Br Med J lung cancer patients. Cancer Res 1996;56:
exist (13). (Clin Res Ed) 1981,;283:1567-9. 2285-8. _ _ _
Alterations in microsatellite size are ©) US Department of Health and‘Human Ser{Zl) Fong.KM, Zlmmerman PV, Smith PJ. Micro-
. . . vice. The health benefits of smoking cessation. satellite instability and other molecular abnor-
another genetic .Chang.e associated with Washington (DC): U.S. Department of Health malities in non-small cell lung cancer. Cancer
many cancers, including lung cancers  and Human Services, Public Health Service, ~ Res 1995:55:28-30.

(19,21-23) The relationship between mi- Centers for Disease Control, Center for(22) Adachi J, Shiseki M, Okazaki T, Ishimaru G,

crosatellite alterations and DNA repair Chronic Disease Prevention and Health Promo- ~ Noguchi M, Hirohashi S, et al. Microsatellite

mechanisms in Iung cancer has not been tion, Office on Smoking and Health, 1990. instability in primary and metastatic lung car-
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throughout most of this centu[@), evi- 118349 women who did not report breast cancer diateral oophorectomy. Women reporting hysterec-
dence that higher rates are found in l‘”.ba_?fher cancers (with the exception of nonmelanoméomy without bilateral oophorectomy were assumed

areas(2,6), and reports of Suspected Can_skin cancer) at baseline in 1976. to be postmenopausql at the age when natural meno-
. pause had occurred in 90% of the cohort (54 years
cer C|US'[eI’S(7—9) have |ed to SpeCU|atIOI'I Assessment Of EXpOSUI’e for current Cigarette smokers and 56 years for non-

about environmental pollutants as causes . , . smokers); otherwise, we considered them to be of
Place of residence was defined as the region of the

of _breaSt cancer. quever’_ there is alsgountry in which the participant lived in 1976, the un\(/:\;ertalrlll mfndo_paflusal f_tatus. Icohol "
evidence that established risk factors fopeginning of the study. We grouped the 11 states ' - cot_ ecl ebm ormation olngg cog 0 C(:jns_tump lon
- ; : . r nning in n

breast cancer, such as fertility ratd®), represented by this cohort into four regions based oﬁpc:;ptgg 'i\f 1982@19;369 lcmd 19%10)": 19&;:?: -
delayed childbearin?,4), economic sta- ‘;Ae;sssl;schdufler:tlgOrl:lsé]\;vnY_O’r\jkorlt\lh(eevss\;ef‘(szgyr]naerc\:(;lc;;’n Quired as to whether the participant had ever had a
tus and educational levél 1), exogenous ) . o ; N i ination.
h 4 d Iel |’2 | Y sylvania), Midwest (Michigan and Ohio), South mammographic examination
_Ormone usg4), and alcoho consump- (Florida, Maryland, and Texas), and West (Califor-
tion (12), vary modestly between regions.nia). In 1976, 14 674 (12.4%) of the cohort lived in
Fu.rthermore, regional dn_‘ferences in mor-California, 6% 921 (58.2%) lived in the Northeast, ooy began on June 1, 1976. Each partici-
tality could be due to differences in the21 702 (18.3%) lived in the Midwest, and 13 052,,nt contributed person-time to the analysis up until

prevalence of early detection [e.g., mam(11-:0%) lived in the South. The nurses livedy,ne 1 1992 until date of diagnosis of breast cancer

i i ; throughout the 11 states; the county-Specific pPoPUate of death from breast cancer for the mortali
mographlc screening practices vary mOdI'ation distribution of the cohort reflected that of th:ﬁmalysis) or until the date of death from othetl)'/

estly by region(13)] and/or treatment of general population of white women of the same a98auses, whichever came earlier. In all analyses, ex-
incident breast cancefd4-16).In most range, with the exception of some underascertainsg ¢ those involving mortality, women who report’ed

previous nationwide studies, mortalityment of women inlarge urban counties in the North, jiagnosis of cancer other than nonmelanoma skin
e v b used, and eograpHm Tt e e o, ool O
variation of potentially confounding fac- b p ' Subsequent follow-up at the beginning of the next

: : y region in which the participant lived in 1986, 10 follow-up cycle. For analyses adjusting for alcohol
tors was controlled for by using regionalyears after the start of the study. In some analyseg,iaye vF\)/e )l;egan foIIow-ﬁp in 15:80 (VShen alcohol

prevalences of these factors, rather thawe restricted the cohort to the 110741 participantg,nsumption was first assessed) and limited the co-
adjusting for individually measured risk (94%) who lived in the same region in 1976 and in ot t the women who were cancer-free at the start

factors. allgggstgsrs\?g rdeiftiﬂi:r:gdatztet\sge ggzglzativ\?grhlg nfu(;tg;gf the 1980 follow-up and who provided detailed
We evaluated prospectively the re- e o ietary information in 1980 (n= 89512). Person-
prosp y who reported in 1992 that they had lived in the sam@ o tor each participant was allocated to their re-

_glo_nal Vam_itlon of invasive breast CanCefegion at birth, at age 15 years, and at age 30 yeara-ron of residence in 1976. Each individual's risk
incidence in the Nurses’ Health StUdy fO factor status was updated at the beginning of each
controlling for breast cancer risk factors/\SSessment of Outcome 2-year period on the basis of information provided
collected at the individual level. The Diagnoses of breast cancer were reported on tHen the follow-up questionnaires. The follow-up rate
Nurses’ Health Study represents a singleiennial follow-up questionnaires. We attempted tovas similar between regions and averaged 95% of
cceupaonal Grou: Ptenlal oo e o o e s i v e
ers related to socioeconomic status thq?lﬁ

i e X - fional Death Index. For each case of breast cancéort and separately among premenopausal and post-
are notoriously difficult to adjust for di- reported, we requested permission to obtain medicanenopausal women. In 1976, 22990 women re-

rectly are at least partially removed byrecords and pathology reports to confirm the diagPorted that they were postmenopausal and entered
restricting to this narrower socioeconomiaosis. Because the accuracy of self-reported breafte postmenopausal follow-up in the period 1976

Allocation of Person-Time

stratum. cancer was extremely highi8), we included in this ~through 1978. As women became postmenopausal
report the small number of cases for whom patholduring follow-up, their person-time was added to the
Methods ogy reports were not obtained (8 191). In the Ppostmenopausal analysis. By the start of the 1990

majority of analyses, we considered incident casedirough 1992 time period, 71070 women were de-

_ of invasive breast cancer only. In one analysis, wéined as postmenopausal. Women who started fol-

Study Population included incident cases @ situ carcinoma of the low-up as premenopausal (84 692 in 1976) were ex-
' ' breast, and we also analyzed breast cancer mortalitgluded from the premenopausal analysis as their

The Nurses’ Health Study is an ongoing prospecas determined by review of death certificates andnenopausal status changed. Women with missing or

tive cohort study established in 1976 when 121 70Q,edical records. uncertain menopausal status during a given time pe-
registered nurses completed a mailed questionnaire riod were excluded from the stratified analysis dur-
that included items about risk factors for breast canAssessment of Breast Cancer ing that time period.

cer and other diseases. At enrollment, the particiRijsk Factors

pants were between the ages of 30 and 55 years old Regional Distribution of Risk Factors

and resided in 11 large states (California, Connecti- We obtained information on known and suspected
cut, Florida, Maryland, Massachusetts, Michiganyisk factors for breast cancer in 1976 and updated the To assess the regional distribution of breast can-
New Jersey, New York, Ohio, Pennsylvania, andnformation at the beginning of each 2-year periodcer risk factors and their potential to confound the
Texas). These states were originally chosen based as appropriate. We included the following risk fac-region/breast cancer relationship, we calculated the
their size and the approval of the study by the statéors in the multivariate models: age, menopausal stgroportion of person-time in each covariate category
nursing associations. No restrictions were made otus, age at menopause, age at menarche, parity, algg menopausal status, standardized to the age dis-
the basis of ethnicity or race; however, the partici-at first full-term pregnancy, use of oral contracep-tribution of the premenopausal or postmenopausal
pants were primarily Caucasian (approximatelytives, use and duration of use of postmenopausabhort. For the risk factors assessed for the full pe-
97%), reflecting the ethnic background of womenhormone therapy, history of breast cancer in aiod of follow-up, we used the age distribution of the
trained as registered nurses. Every 2 years, particmother or a sister, history of benign breast diseasentire postmenopausal cohort and of the entire pre-
pants completed follow-up questionnaires to updatbeight, current body mass index (weight [kg]/menopausal cohort to standardize the postmeno-
information on risk factors for breast cancer and tdheightimf), and body mass index at age 18 yearspausal and premenopausal prevalences, respectively.
report the occurrence of breast cancer and other ilWe classified a woman as postmenopausal from thEor alcohol use, we used the age distributions of the
nesses. time she returned a questionnaire on which she ret980 cohort with dietary data. History of mammog-
The subjects included in this analysis were theported natural menopause or hysterectomy with biraphy was first asked in 1988. Therefore, we calcu-
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lated the percent of women who answered the 1988 Table 1. Age-standardized distribution* of breast cancer risk factors for postmenopausal women
questionnaire and reported ever having had a mam- by region
mographic examination.

California, % Northeast, % Midwest, % South, %

Incidence Rates and Comparison to

. Menarche=<12 y 45.8 47.0 47.0 45.8
National Rates Nulliparous 10.1 7.9 7.4 9.5
Parity, =5 (among parous women) 15.8 21.2 22.3 13.9
To calculate the age-standardized incidence rates;24 y at first birth (among parous women) 43.2 49.8 53.7 51.7
we divided the number of incident breast cancers by30 Y at first birth (among parous women) 15.5 12.0 10.0 10.3
the person-time of follow-up and standardized théEver use of oral contraceptives 37.7 29.3 36.3 31.6
regional incidence rates to the age distribution of th&Urrent use of postmenopausal hormores,y 19.9 79 131 18.1
entire cohort at baseline. To assess the comparabilif_:‘y'St(?ry of benign breast disease 29.6 26.5 28.8 311
, e amily history in mother or sister 8.8 8.6 8.2 8.3
of_ the Nursgs He_alth Study breast cgncer_ mc'dencﬁeight, =168 cm 23.8 19.4 203 236
with the national incidence rates of invasive breaSBody mass index at age 18 Y, <19.0 14.5 11.5 125 13.8
cancer, we calculated the expected number of casgpdy mass index at age 18 24.0 12.8 17.0 17.8 145
using age-specific incidence rates observed by theurrent body mass index, <21.0 14.6 11.2 11.7 134
National Cancer Institute’s Surveillance, Epidemiol-Current body mass inde%29.0 121 15.2 16.5 12.8
ogy, and End Results (SEERProgram over the Alcohol, =15 g/day 143 10.7 8.0 9.9
period 1976 through 199(20), standardized to the Ever mammogram by 1988 83.8 74.8 77.6 77.5
age distribution of the Nurses’ Health Study. The”\g€ at menopause, <40y 134 115 116 15.9
SEER program consists of data from nine populatiore‘ge at menopausez50 y 41.3 41.5 40.7 34.9

registries for cancer incidence in various locations

that represent approximately 10% of the U.S. popu- ,
lation. time of follow-up for the region.

Multivariate Analyses for premenopausal women were similar8% higher than the expected incidence
Women residing in California were morerate calculated using the SEER program

We used the likelihood ratio test, comparing the;. . . L . .
model with indicator variables for both age and re‘vi“kely to delay childbearing comparedthldence rates for white women during a

gion with the model with only age, to evaluate theWith women in other regions, and womersimilar period (1976 through 1990).
contribution of region to the model and address thén California and the South had slightly Among all women, region contributed
general question of whether regional variation exfewer children than women in the North-significantly to the age-adjusted mod® (

isted in this cohort. To be consistent with previouslya a5t and Midwest. Women in California= .05). We observed a small, but statis-

published research from the NCI, we chose th(iglere much more likely to use oral con-tically significant, elevation of the age-

women residing in the South as the reference grou . . .. . .
when comparing incidence between regisWe  traceptives and postmenopausal horadjusted breast cancer incidence in Cali-

calculated relative risks (RRs), dividing the inci-mones, to have had a mammographic eXernia compared with the South (RR
dence rate in each region by the incidence rate in thgmination, and to consume alcohol thad.16; 95% Cl = 1.02-1.32) (Table 2).
South. To control simultaneously for potential con-gther women. Women in the Midwest andHowever, the incidence rates in the
?nu;dmg factors wg conducted pro.po'rtlonal ha_zarthortheast, in general, were heavier thailortheast and the Midwest were not el-
yseq21) by using a pooled logistic regression . .
model (22,23)with indicator variables for each re- Other women both at age 18 years andvated relative to the South. After adjust-
gion for each category of each breast cancer risgurrently. Age at menopause varied by reing for established breast cancer risk fac-
factor and for 2-year intervals of calendar time. Wegion; southern women were slightlytors, the contribution of region to the
calculated the 95% confidence intervals (Cls) foy,qnger at menopause than other womemodel was no longer significant. How-
eaﬂ; tRez whether including the small numbers ofin summary, thel group residing in Cali-ever, the RR for California was oply
non-Caucasians in the analysis altered our concifornia had the highest prevalence of esslightly attenuated and still of borderline
sions, we compared our overall results with resultéablished breast cancer risk factors andignificance (RR= 1.13; 95% CI =
obtained by restricting the cohort to white womenywomen in the Midwest had the lowest. 0_99_1_29)_ The RRs for the Northeast

yvho answered a question on ethnicity €195 672) and the Midwest were similar to the age-
in 1992, Invasive Breast Cancer adjusted values. Including casesimfitu
Results carcinoma of the breast along with inva-
Between 1976 and 1992, 3603 incidensive breast cancer cases did not notably
Distribution of Risk Factors in cases of invasive breast cancer occurrethange the age-adjusted RRs. The RRs
the Cohort among 118349 nurses during 1794 56%r the established breast cancer risk fac-

person-years of follow-up. The overalltors were consistent with results from pre-
The age-standardized prevalences afge-adjusted incidence rate was 200.8ious reportq24).

established and potential risk factors foccases per 100000 person-years. As de- During the period of follow-up, 1196
breast cancer varied modestly across rdined by residence at baseline in 1976, theremenopausal women and 2005 post-
gion for both premenopausal and postregion-specific incidence rates (pemenopausal women developed invasive
menopausal women. (These difference$00 000 person-years), standardized to tHereast cancer. For the premenopausal
were statistically significant; however,age distribution of the entire cohort, werewomen, there was little evidence of re-
even very small differences are statisti225.1 in California, 197.9 in the North- gional variation in either the age-adjusted
cally significant with such a large sampleeast, 196.5 in the Midwest, and 193.4 iror multivariate-adjusted analyses (Table
size.) Prevalences for postmenopaus#the South. The overall incidence rate ob2). For the postmenopausal women, we
women are shown in Table 1; prevalenceserved in the Nurses’ Health Study wa®bserved a statistically significant el-

*Percents represent the age-adjusted person-time allocated to that category divided by the total person
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Table 2. Relative risk (RR) of invasive breast cancer incidence in relation to region of residence in the United States, by menopausal status, among 118 3¢

women aged 30-55 years in 1976 and followed through 1992

California Northeast Midwest South
All women*

No. of cases 535 2034 639 395
Person-years of observation 220476 1048085 329008 196 996
RR (age adjusted) (95% CI) 1.16 (1.02-1.32) 1.02 (0.92-1.14) 1.02 (0.90-1.15) 1.00
RR (multivariate) (95% CI)T 1.13 (0.99-1.29) 1.05 (0.94-1.17) 1.03(0.91-1.17) 1.00

Premenopausal women
No. of cases 142 717 223 114
Person-years of observation 83093 489 300 152 206 75740
RR (age adjusted) (95% CI) 1.07 (0.83-1.36) 0.98 (0.80-1.19) 0.99 (0.79-1.23) 1.00
RR (multivariate) (95% CI)t 1.02 (0.80-1.31) 1.01 (0.83-1.23) 1.02 (0.81-1.28) 1.00

Postmenopausal women
No. of cases 327 1103 353 222
Person-years of observation 103956 420610 134418 90585
RR (age adjusted) (95% ClI) 1.24 (1.05-1.47) 1.08 (0.93-1.24) 1.08 (0.91-1.27) 1.00
RR (multivariate) (95% CI)§ 1.18 (1.00-1.40) 1.12 (0.97-1.30) 1.09 (0.92-1.29) 1.00

*Women of uncertain menopausal status were included in analyses of all women but were excluded from the stratified analyses.
TMultivariate RR and 95% confidence interval (Cl), adjusted for age in 5-year categories, age at mesa&;He( or=14 years), parity (nulliparous, 1-2, 34,

or =5), age at first birth (nulliparouss24, 25-29, or=30 years), use of oral contraceptives (ever or never), menopausal status (premenopausal, postmenopaus:

or unknown), use and duration of use of postmenopausal hormones (never use, current use <5 years, ceegrgarseor past use), history of breast cancer in

a mother or sister, history of benign breast disease, and body mass index (five groups).
IMultivariate RR and 95% Cls, adjusted for same risk factors as in full cohort analysis, except menopausal status and postmenopausal hormone use, are exc

from models.

§Multivariate RR and 95% Cls, adjusted for same risk factors as full cohort analysis, with the addition of age at menopause in 2-year categories.

evated age-adjusted incidence rate iohange the association between region Ninety-four percent of the cohort lived

California (RR= 1.24; 95% Cl= 1.05-

and breast cancer risk. Controlling forin the same region in 1986 as they did in

1.47). The age-adjusted RR in both theéype of menopause (natural, surgical, 01976. When we restricted the cohort to
Northeast and Midwest was 1.08, and neiether) also did not alter the associationthese women, the RRs for invasive breast
ther was statistically significant. After ad- The increased risk in California was ap-cancer incidence were comparable to
justing for all of the breast cancer riskparent in both the northern and southerthose obtained with the full cohort. Addi-

factors, the excess rate in California wasalves of the state.
attenuated by 25% (RR= 1.18) but re-

tionally, we restricted the cohort to
In age-adjusted mortality analysesvomen who lived in the same region at

mained of borderline significance (95%based on 82 deaths in California and 5birth, at age 15 years, at age 30 years, and
Cl = 1.00-1.40). The strongest con-deaths in the South that occurred amonip 1976. The results were similar to those
founding factors were age at first birth,postmenopausal women who were canca&btained using the full cohort, except for a
postmenopausal hormone use, and age fake at baseline, risk of breast cancestronger association observed for Califor-
menopause. Finer categories of duratiodeath was nonsignificantly higher in Cali-nia (Table 3).
of postmenopausal hormone use did ndbrnia, RR= 1.34 (95% Cl= 0.95-1.89).

Adjusting for alcohol intake for the

Table 3. Age-adjusted relative risk (RR) of invasive breast cancer incidence (95% confidence interval [Cl]) for region, restricted to women who lived in the

same region throughout their lifetime:* follow-up 1976-1992

California Northeast Midwest South
All woment

No. of cases 92 1123 335 113
Person-years of observation 41248 658713 197572 70579
RR (age-adjusted) (95% Cl) 1.37 (1.04-1.80) 1.10 (0.91-1.34) 1.09 (0.88-1.35) 1.00
RR (multivariate) (95% CI)t 1.35 (1.02-1.78) 1.14 (0.94-1.39) 1.13 (0.91-1.40) 1.00

Premenopausal women
No. of cases 31 408 119 36
Person-years of observation 18705 331033 98 348 29894
RR (age-adjusted) (95% Cl) 1.33(0.82-2.14) 1.00 (0.71-1.40) 1.00 (0.69-1.46) 1.00
RR (multivariate) (95% CI)t 1.27 (0.79-2.05) 1.04 (0.74-1.47) 1.05 (0.72-1.52) 1.00

Postmenopausal women
No. of cases 50 617 186 63
Person-years of observation 17938 268672 80436 31966
RR (age-adjusted) (95% ClI) 1.34 (0.92-1.94) 1.16 (0.89-1.50) 1.17 (0.88-1.55) 1.00
RR (multivariate) (95% Cl)t 1.31(0.90-1.91) 1.22 (0.94-1.59) 1.19 (0.89-1.59) 1.00

*As defined by living in the same region at birth, age 15 years, and age 30 years. This question was asked in 1992, therefore only women who answered
questionnaire were eligible for this analysis.
tWomen of uncertain menopausal status were included in analyses of all women but were excluded from the stratified analyses.
Multivariate RR and 95% Cls, adjusted for breast cancer risk factors as described in Table 2.
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time period 1980 through 1992 onlyto explain 50% of the excess mortality inbility, however, that very localized expo-
slightly attenuated the RR comparingthe Northeast and Midwest, but only 10%sures within counties might cause breast
California to the South; multivariate RRin the West(4). Blot et al.(2) observed a cancer and be more common in some
= 1.19 (95% Cl= 0.97-1.46) with al- 20% increased rate of breast cancer deatftates than others or that within each
cohol versus RR= 1.21 (95% Cl = in large counties of the Northeast com-county nurses were systematically less
0.99-1.48) without alcohol. Adjustmentpared with large counties of the South antikely to live near these sources of expo-
for alcohol did not alter the lack of asso-a 50% increase when they comparedure. Our results do diminish the likeli-
ciation between the other regions and themall counties. The excess risk in thénood that environmental exposures that
risk of breast cancer. California had theNest ranged from 7% to 30% in largeare widespread and differ between re-
largest percentage of non-Caucasiaand small counties, respectively. Thagions cause large differences in breast
population (8%). However, restricting theuse of 1960 census data to control for ineancer rates.

cohort to white women defined as thoseeome, urbanization, birth rate, and Ger- Another potential limitation of this
who did not report Hispanic, African- man or Scandinavian ancestry did nostudy is that we did not have prospective
American, or Asian ancestry did not ma-eliminate the region effect among oldelinformation on screening. However, the
terially change the RRs. Results were alsewomen(2). prevalence of mammography was high
similar when we restricted the cohort to A limitation of our study is that we and similar in all regions, suggesting that
women who had had at least one mamdsed only 11 states to make inferencedifferential mammography rates were un-

mographic examination. about four large regions. However, thesdikely to have had substantial influence on
states contain 53% of the entire U.Sthe results. Results were similar when we
Discussion population and account for large proporsestricted the analysis to women who had

tions of the populations of their respectivehad at least one mammographic examina-
In prospective analyses of a socioecoregions (17). With the exception of an tion.
nomically restricted cohort with membersunder-ascertainment of women in large Residual confounding could be respon-
drawn from all four U.S. census-definedurban counties in the Northeast and irsible for our inability to explain some of
regions, we did not observe the hypothsmall counties in the South, the countythe excess age-adjusted rate of breast can-
esized elevated rate of breast cancer incspecific geographic distribution of part-cer in California compared with the
dence in the Northeast compared with thecipants in the Nurses’ Health Study isSouth. We were not able to control for
South nor did we see a significant elevaremarkably representative of these statgmtential risk factors such as physical ac-
tion in the Midwest. PremenopausallLaden F, Neas LM, Hunter DJ: unpub-tivity, diet, or alcohol consumption in
breast cancer incidence did not vary siglished data). However, these states ararly life. We did not directly measure
nificantly by region. We observed a mar-not necessarily representative of the rehypothesized environmental risk factors
ginally statistically significant elevated gion as a whole, particularly in the Southfor breast cancer, such as reduced sunlight
age-adjusted breast cancer incidence ragad West. For example, the proportion(25), electromagnetic field$26,27), ex-
in California among postmenopausabf college-educated persons in Floridaposure to organochlorine compounds
women that increased slightly when weMaryland, and Texas is closer to the pro{28,29),and other pollutant$30). Thus,
restricted the analysis to women who hagbortion observed in the northern statesur results do not rule out the possibility
lived in the same region throughout mosthan to the proportion in the remainderthat differences in exposure to these fac-
of their lives. In this cohort, the South hadof the southern regiofl1). This limita- tors between California and the rest of the
a slightly higher prevalence of risk factorstion may explain why we did not observecountry might be responsible for some of
for breast cancer compared with theRRs for the Northeast and Midwest ofthe small residual difference in breast
Northeast and Midwest for both premenothe same magnitude as seen in the prevtancer incidence that was observed. Re-
pausal and postmenopausal women andaais mortality studies. Furthermore, usin@ssuringly, a recent study showed that re-
slightly lower prevalence of risk factorsonly California to represent the Westgional differences in known breast cancer
compared with California. After control- may explain why our RR in the West isrisk factors completely accounted for the
ling for these factors, 25% of the excesdigher than previously observed. Thamodest elevation in breast cancer inci-
rate of postmenopausal breast cancer loreast cancer mortality rate in Californiadence rates in the San Francisco Bay Area
California was explained. (1986-1990) was the highest in thecompared with seven other SEER regis-
Our results were consistent in direc\Western region and the San Francisctries (31).

tion, although not in magnitude, with pre-SEER registry reports the highest inci- Use of the Nurses’ Health Study cohort
vious mortality studies. Sturgeon et&) dence rate of all registries in the natiorrestricts the study population to one occu-
used data from the National Center for(1). pational group of mostly Caucasian
Health Statistics from 1987 and observed The fact that in most states the geowomen. Thus, the range of possible occu-
elevated age-adjusted mortality rate ratiographic distribution of nurses by countypational exposures is reduced, limiting the
in all regions compared with the South forwas similar to that of white women in generalizability of the study. However,
women aged 50-79 years. The RRs wergeneral suggests that we did not fail tdhis restriction allows us to focus on
1.15 in the West, 1.30 in the Northeastdetect an elevation of risk in certain statesonoccupational environmental expo-
and 1.18 in the Midwest. In an ecologicaldue to underrepresentation of individuabures that might be associated with re-
analysis controlling for group-definedcounties in which breast cancer rates magion. Also, because the Nurses’ Health
risk and prognostic factors, they were ablde higher. We cannot exclude the possiStudy is relatively homogeneous com-
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pared with the general population, we lation density and cancer incidence differen-(23) D’Agostino RB, Lee ML, Belanger AJ, Cupples
indirectly controlled for potential con- t(l:als in r(\l:ewt Ylogrlg<233ta7tei51978—82. Cancer LA,I,A;‘nclier§c;p K, Kanpel \tNBt Rel;ation (;Jf t
. . . auses Contro ;3:7-15. pooled logistic regression to time dependen
foundm_g _by SO,CIOGC.OI”IomIC status, a'nd(7) New York State Dept of Health, Dept of Com- Cox regression analysis: the Framingham
the participants’ relatively good access 10 munity and Preventive Medicine SUNY at Heart Study. Stat Med 1990:9:1501—15.
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